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THE INFLUENCE OF BORAX AND BORIC ACID UPON 
NUTRITION WITH SPECIAL REFERENCE 
PROTEID METABOLISM 


[/ / } 
wide-spread use of borax and bor icid as 
servatives it is somewhat singular that onr kn led { 
influence of these substances upon the nutritional 
body 1s so. slight and uncertain. de Cyon,'’ M. G 
]. Forst have indeed studied the a n of t n 


non Thus Cyon’s work with borax ming] 
teid metabolism diminished ier it f } ) 
tends to protect the consumption of proteid 1 t 

Gruber’s experiments, on the other hand, ind 

tiveness that borax has no proteid sparing power, but 

i increase in the rate of proteid metabolism To a t 

taint the experiment vith bor icid cat 1 t | 
supervision tend to show that this agent h 

upon proteid metabolism. Obviously, conclu 


at variance cannot be accepted without careful consideration 


1 Cyon: Sur laction physiol l x ( 7 
) S45 
2 (GRUBER: Ueber den Einfluss des borax auf d W ersetzu () 
ismus. Zeitschr. f. Biol., r88o, Band 16, p. 1g 
FORST! R Leber die Ver vendbarke { ler | ( 


By R. H. CHITTENDEN anp WILLIAM J. GI! 

| 
| 
| teid metabolism, but with results which are utte: lackis 

Nahrungsmitteln. Nach Versuchen von Dr. G. H. S ker ta 

Archiv. f. Hvgiene, 1854, Band 2 7% 


? R. H. Chittenden and William /. Gies. 


Cyon’s experiments were conducted simultaneously on three full 
crown dogs which were fed upon a diet almost exclusively proteid. 


His observations were practically limited to determining changes in 
body-weight during short periods, with an estimation of the nitrogen 
of the urine. He found that during the period when borax was in 
cluded in the food, the animals gained noticeably in body-weight and 
that less nitrogen was contained in the excreta than in the ingesta. 
Irom these very crude observations the conclusion was drawn that 


borax, even to the extent of 12. grams per day, may be ingested 


with the food, especially when the latter is essentially proteid in 
nature, without provoking the slightest disturbance in general nutri- 
tion Further, Cyon appeared to see in his results evidence that 


borax, if substituted for common salt in food, will facilitate the assim- 


the animal. Such deductions, however, were wholly unwarranted 
from the data at hand, for not only were the periods of observation 
exceedingly short, but, as pointed out by both Gruber! and C. Voit/ 
the animals at the beginning were much emaciated and received 
throughout the experiment such excessive quantities of meat that in 
crease of body-weight would have inevitably followed without the 


presence of borax. Consequently, all that can be inferred legiti- 
mately from Cyon’s experiments is that assimilation and general met 
abolism were not seriously affected by borax in the quantities given 
In Gruber’s work more scientific methods were pursued, but it 
may well be questioned whether the conditions under which the ex- 


periments were conducted were adapted for bringing out clearly the 


full action of borax upon proteid metabolism. The two dogs em 
ployed were fed simply upon meat and water, and were presumably 
in a condition of nitrogenous equilibrium. In the first experiment, 
where the animal received daily 1500 grams of meat and 200 c.c. of 


water, the daily excretion of urea in the urine varied from 75.82 
grams to 110.30 grams during the six days prior to the administra 
tion of borax. Then 20 grams of borax were introduced with the 
food, an amount so large that vomiting was at once produced, lead 
ing to a loss of about § grams of the borax and about 100 grams 
of the meat, with most of the water. On this day, however, 108.20 
grams of urea were excreted in the urine, although the food con- 
sumed was 100 grams less than the usual quantity. On the two fol 
GRUBER: loc. cit. 


2 Vorr: Hermann’s Handbuch der Physiologie, band 6, Theil I, p. 165. 
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hazardous to draw such sweeping conclusions from one or two single 
experiments of this nature, especially where, as in the animal body, 
individual characteristics not infrequently give rise to exceptional re- 
sults quite foreign to those ordinarily obtainable 

In Forster's work with boric acid, Dr. Schlencker experimented on 
himself, using a mixed diet and taking boric acid in daily doses of 
i-3 grams. Each experiment consisted of three periods, of thre 
days each, the boric acid being taken in the middle period. The 
conclusions arrived at were that proteid metabolism is not influenced, 
the excretion of urea in the boric-acid period being midway between 
that of the fore and after periods. It was noticed, however, that the 
quantity of ethereal sulphuric acid in the urine was considerably 
lessened in the boric-acid period and in the period following, thus 


implying an inhibitory influence upon the putrefactive processes of 
the intestine. Further, it was observed that the volume of the faces, 
together with the contained nitrogen, was greatly increased under 
the influence of boric acid, from which it was inferred that this agent 
interferes with the assimilation of the food and_ pet 
time, gives rise to an increased secretion of mucus with a possibl 


increase in the discharge of epithelial cells from the intestinal mucosa 


This latter, however, is purely conjectural. Increased secretion of 


bile is also said to result from the action of boric acid. On the pulss 
and temperature no action was observed. 


It is thus quite evident that the influence of borax and boric acid 


on nutrition, and especially their influence on proteid metabolism, 
by no means wholly settled. The preceding statements clearly em 


phasize the uncertainty of our present information on the mor 
essential features of the question before us, and we have therefor 
deemed it desirable to carry out, as thoroughly as possible, a series 
of experiments upon the action of both borax and boric acid on pro- 
teid metabolism and related phases of nutrition 

Conduct of the Experiments. The experiments were conducted 
wholly upon full-grown dogs ranging in weight from 8 to 12 kilos. 


The animals were confined in suitable cages partially lined wi 


vanized iron and with the floor so arranged that both fluid and solid 


excreta could be collected in their « ntirety, while the upper portions 
of the cage were so constructed as to permit unrestricted circulation 
of air. In view of the length of the experiments — ranging from 
twenty-seven to fifty-six days each, with periods of cight to ten days 
duration it seemed inadvisable as well as unnecessary to empty the 


| 
| 
| 
| 


I[uflucnce of Borax and Bort 


bladder each day with a catheter Such diurnal variations as n 
possibly occur from incomplete emptying of the bladder at t 
of the twenty-four hours would obviously be neutra lin p 


of the above length, and consequently th n 
naturally eCXcre ed, thus a qin anv p dist ) { 
normal condition of the bladder, ete. At the end of ea 
four hours, the urine collected was combined, an 
oravity, etc., determined, after which the bottom of tf 
rinsed With a Gistiiicd Water and th ish 


main fluid The latter was then made up m 


in preparation for the daily analy 

Phe faeces whenever passed were collected in a 
mass thoroughly desiccated over a water-bath, and the d1 t 
ascertained The dried material was then pulverized and t nit 
gen-content as well as the ether-soluble matter det 
portions Che nitrogen determination re alwavs) mad 


plicate by the Kjeldahl met 
cent Whenever, as sometimes occurred, hair accumulat 


cave it was likewise collected and the nitro ee rm 1 


na Soxhlet-apparat 
The animals were fed d yw the exp nent 
composed of fresh lean beef, cra dust, la ) t | 


vas prepared as follows: fresh lean beef, freed far as p le ft 
all adherent fat and connective tissue, was run through a hash 


machine, after which it was enclosed in a bag of thin cloth, p 
under a heavy press, and kept there under increasing yu re { 
several hours, the bloody fluid which drained otf being thrown 

By this method there results a mass of tissue free from 

ture, and which, when enclosed in a bottle, will keep perfectly t 
on ice for seven to ten days without separation of fl 


advantages accrue from this method Thus, have 


homogeneous mixture which can be drawn from for at least a 


with surety that its nitrogen-content is constant here therefore 
no necessity for a daily determination of nitrogen in this portion of 
the diet, for each sample can be analyzed when prepared t 
data accepted as long as the meat keeps fresh. Further, m 


pared in this manner at different times, if tbjected to nt t 
same pressure, varies only 


have invariably analyzed each 


| upon Nutrit. 
| 
| ether-soluble matter was determined by extraction of the « lf 
wien prepared to avoid any p 
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sibility of error, but, as the following results show, the differences in 
composition are very slight and necessitate very little alteration in 
the proportion of meat when changing from one lot to another. The 


following results are a few of the many obtained : 


0.03041 gram 
O26S2 


02625 


0.02716 « 
03235 


03425 


0.03015 
0359] 
03152 

0.03642 gram 


306] 


0.04 265 


02002 


O5463 


The carbohydrate clement in the dict, as already stated, was 


supplied by commercial cracker dust. This was purchased in larg: 
quantity and preserved in well stoppered bottles. [It contained on an 
average 1.46 per cent of nitrogen. The lard employed was entirely 


free from any recognizable amount of nitrogen. 

Che daily diet was divided into two equal portions, one-half being 
fed at 8 A.M. and the other half at 6%.M. When borax or boric 
acid was given, the daily dose was likewise divided and given cither 
with the food or directly after. The body-weight of the animal was 
taken each morning just before feeding. Each day’s urine included 
the fluid passed from 8 A.M. to 8 A.M. of the next day. 


Methods of Analysis. — Nitrogen was determined wholly by the 
Kjeldahl method, viz., in the daily analyses of the urine, faeces, and 
food material. All analyses were made in duplicate, and the figures 
viven are based upon the average of closely agreeing results. In 


analysis of the urine 5 c.c. were used for each determination, oxida 


‘ . Absolute Content of Percentage of 
Weight of Meat 
Nitrogen Nitrogen 
48 
0.7631 44 
2. 0.7673 gram ram >. 54 
0.9225 “ 55] 
1.059] ‘ ‘ 3 52 
OS47S gram 356 
1.0014 ‘ 
OSS76 
4. 1.0082 gram 36] 
1.0445 
1.0SO3 “ 6 
1.1977 gram cram 3.56 
O.S142 me 
34 
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tion being carried out in a long-necked Kjeldahl flask with 1 
sulphuric acid and a crystal of cups t bovis 
odium sulphide tn th t | 
h quarter il amm \ 
an indicator. 
Sulphur phosphorus were ned int tor 
cvaporating a given vol th 
| icible th | { 
ps of 
the oxidized urine was acidified with icid { 
transformed img ammonio-! phat Irom tl 
of magnesium pyrophosph. total phosphoru ft 
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ng hot with barium « 
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| Combined sulphuric acid was determined by Baumann’s met 
using 100 c.c. of urine.” 
1 See Neubauer und Vogel’s Analy a n te A 
2 Ibid., p. 447. 
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Chlorine was determined in 10 c.c. of urine by Neubauer and 
Salkowski's modification of Mohr’s method.! Other methods occa 
sionally made use of are referred to in their appropriate place. 

First Experiment. With Borax. The animal made use of in this 
experiment was a short-haired mongrel bitch weighing about 12 
kilos. She was brought into a condition approximating to  nitr 
genous equilibrium only after a preliminary period of nearly three 
weeks, during which time superfluous fat was lost and she becam« 
wholly accustomed to her surroundings. The daily food, at the time 


the experiment actually commenced, consisted of 


grams of thi 
prepared meat, 70 grams of cracker dust, 40 grams of lard, and 500 c. 

of water. It contained 9.814 grams of nitrogen. This diet, with the 
above content of nitrogen, was adhered to throughout the entire 
experiment of twenty-seven days, the only variation being the slight 
changes in the amount of nitrogen, to be seen in the tables, inc 

dental to the use of different lots of meat and in the employment of 


latin capsules during the borax period. These gelatin capsules, in 


which the borax was administered, contained 14.95 per cent of 


nitrogen, the four capsules used each day during the borax period 
containing 0.12 of nitrogen. This amount naturally 
included in the nitrogen of the food 

The experiment extended through twenty-seven days and was 
divided into three periods of nine days cach: a fore or normal period 
during which no borax was given, a borax period during which 45 
grams of borax (5 grams a day) were administered, and an after 
period when normal conditions again prevailed. During the borax 
period of nine days the quantity of borax given per day amounted 
to nearly 0.6 per cent of the total food and drink ingested, while of 
the solid food it formed 1.2 per cent. This dosage of borax, consid 
ering the size of the animal, was fairly large, and with this particular 
dog considerable difficulty was experienced in inducing the animal 
to take it. At first the borax was simply mixed with the food, but 
its presence was quickly detected and the food refused, although it 
was eventually coaxed down, but with some difficulty. After this 


first day the borax was given in capsules, as already stated, and no 


further difficulty of this sort was experienced. Three times during 
the borax period, however, the animal was nauseated and vomited a 
portion of the food, thus showing that this quantity of borax was 


sufficient to disturb the physiological equilibrium of the animal. 


See Neubauer und Vogel's Analyse des Harns, neunte Autlage, p. 437 
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out the experiment 


O 


.G Ze Ay 


690 OT 


196 


19¢ 


Stoo Stel 


~ 
.s 
™ 
™ 
~ 
~ 
~ 
~ 
~ 
~ 
~N 


= 
° 
w ~ + > 
‘= - Ya > - = 
= 
= 
=< + w aA & “ 
=; = 
4 
7 A = & + 
yA 
2 
I 
= 
S 


PERIOD. 


BORAX 


FIRST 


Influence of Borax and Bort Acid upon Nutrition. 11 
PESEBZ SEES 
2 
| 
2 
f | 7 - 
f 
{ 


R. H. Chittenden and William /. Gres. 


PERIOD. 


AF 


7. 
A 


FIRST 


12 
Al 
= + i~ 
= = = 
= + enue ead 
— = 
4. 
of = = = = = == 
I 
= Nn ¢ = 
= - I~ 
= 


Influence of Borax and Boric Acid upon Nutrition. 13 
4 
=F 
= = 
7 
< 
7 
2 


14 R. HH. Chittenden and William /. Gies. 


Referring now to the tables containing the results of the first 
experiment, it is to be noted that in the fore period of nine days the 
total nitrogen ingested amounted to 88.326 grams, while in the urine 
excreted during this period there were contained 97.155 grams of 
nitrogen, and in the faeces 2.122 grams, making a total of 89.307 
crams of nitrogen; hence the nitrogen balance for the period of 
nine days is —o.g81 gram. The body-weight remained practically 
constant. The slight excess of nitrogen excreted over the amount 
ingested in this period is due possibly to lack of complete involu- 
tion of the mammary glands!; the deficiency, however, is too slight, 
considering the length of the period, to need much consideration 
For comparison, the results of the three periods, showing the rela- 


tive excretion of nitrogen, may be arranged in tabular form: 


Pe 
gen of Food 88.326 QO.L1S 


itrogen of Urine 197 
89.307 127 92.046 


rogen of Faces 23235 3.919 


Nitrogen Balan 


USN 6H per ent 


It is thus evident that in this experiment, in spite of the large 
doses of borax and the length of the period, proteid metabolism is 
not modified in any noticeable degree. The amount of nitrogen 
eliminated through the urine in proportion to the nitrogen of 
food, during the borax period, differs from that of the fore period 
only to a slight extent, and this difference is due apparently to a 
diminished assimilation of the proteid food. The change in the 
nitrogen balance of the borax period is plainly caused by a slight 
increase in the amount of faecal nitrogen, and not to increased meta- 
bolism, thus indicating that the borax has a tendency to diminish 
somewhat the absorption of protcid food, or possibly leads to an 
increased secretion of mucus. When, however, the nitrogen of the 
feces of the borax period is compared with both that of the fore 
and after periods the increase is seen to be so slight that it is per- 
haps unwise to attach much importance to it. Certainly the borax, 
though given in doses sufficiently large to keep the animal on the 


verge of nausea, did not in this experiment interfere greatly with the 


1 Marcuse: Ueber den Nahrwerth des Caseins, Pfluger’s Archiv. f. d. ges 


Phvsiol., 1896, Band 64, p. 223. 
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Mattel D 1) 
} ny ¢ 
1 decrea | by ret 
Ee volume of urine excreted amounted to 5620 
an i -weight remained practically constant, 
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turmeric paper on the second day of the after period. In other 
words, elimination of the borax was practically complete twenty-four 
to thirty-six hours after the last dose had been taken These obser 


l 


vations accord with Johnson's statements! that borax and boric acid 


begin to be eliminated through the urine a short time after their 
administration. 

While it is clear from a study of the nitrogen excretion that 
proteid metabolism, under the conditions of this experiment, is not 
materially affected by borax, the other analytical results must not 
be overlooked. Thus, in the borax period the excretion of phos 
phorus, sulphur, total sulphuric acid, and combined sulphuric acid 
is slightly below that of the fore and after periods. The differ 
ences, however, are so small that it is perhaps unwise to draw any 


positive conclusions from them, other than to admit their negati 


character. It can certainly be asserted with perfect safet 


borax has failed to exert any marked influence upon the excretion 


of either sulphur or phosphorus. In this connection it will be 
remembered that Forster? found, on feeding boric acid to man, a 
marked increase in the output of phosphoric acid Borax, how 
ever, certainly fails to produce any such result, its presence in th 


body (of the dog) tending on the other hand to reduce the output 
of phosphorus. Further, it is evident that the slight diminution in 
the excretion of combined sulphuric acid is not sufficient to indicate 
any inhibitory influence upon intestinal putrefaction. Lastly, th 
ficures obtained in connection with uric acid are such as to indicate 
a purely negative action. 


Second Experiment. With Boric Acid. — The animal experime: 


on was a short-haired mongrel bitch weighing 8 kilos. Nitrogenous 
equilibrium was quickly established on a daily diet composed of 160 
erams of the prepared meat, 40 grams of cracker dust, 30 grams of 
lard, and 400 c.c. of water. This diet contained 6.144 grams of nitro 
gen and was practically adhered to throughout the experiment. Thx 
latter was of thirty days’ duration, 7. ¢., three periods of ten days each 
During the middle, or boric acid period, 1-2 grams of boric acid 


were given daily mixed with the food, the animal taking it without 


JOHNSON: Ueber die Ausscheidung von Borsaure und Borax aus dem mensc] 
lichen Organismus. Jahresbericht f. Thierchemie, 1885, p. 235. See also, VIGIER 
Note préliminaire sur action physiologique du borate de soude Comptes rendus 
soc. de Biol Paris 18S 3, p- 44 


FORSTER: Archiv. f. Hygiene, 1884, Band 2, p. 75. 
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the slightest reluctance and without anv apparent ettect { 
appetite No sign of na 1 or vomiting wa With 2 
of boric acid per day the mixture of food and drink cont 
per cent, while the dry food contained 86 per cent of 
acid. The total amount of boric acid given during the ter 
Was 14.5 grams 
During the fore period of ten days the animal ree: la tot 
61.440 grams of nitrogen The nitrogen excreted t] h th 
| tor this period amounted to 58.119 grams, wl the fa 
| 3.203 grams, thus making a total of 61.322 grams of niti n { 
with a nitrogen balance of O.118 gram. Plain t inima 
Ina condition of nitré nous equilibrium 
The relative excretion of nitrogen for the thi Is 1 
seen in the following tabl 
Nitrogen of | Ol 4K 
Nitrogen of Fa O35) 
Nit n ( 
Rat f Urine 
From these figures it would appear that thet ht t 
toward stimulation of proteid metabe mM When it rer 
however, that the nitrogen balance for the bor icid period 
is the result of ten davs’ consecut feedin th bor 
manifest that the stimulating action 
may perhaps be considered as practically in rd th 1 
reported by Forster, who found that in man on a mixed t 
acid in moderate do (1 rams ) 1 ithout infl ! t 
decomposition as measured by the « retion of urea { 
assimilation of the protcid { 1 thes no ¢ of 
?.¢., the nitrogen content of the fa ne the bor 
is essentially the same as that of the fe nd after per kurt 
the total weight of faeces for ich of the thi 1D | 
the same, it quite evident that assimilation is not been mat 
nterfered with In this respect our 1 ts f toa th t 
reported by Forster, who found that small d of b n 
in two davs) given to a man on an 1 diet, and o1 mil 
dict, increased the excretion of  fiec th nerea 
4 
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according to Forster, not to any decrease in the assimilation of fat 
nor to increase in the volume of the secretions, but to a decreased 
assimilation of the proteid food under the influence of the boric acid, 
This difference in our results may of course depend upon the differ- 
ence in the character of the animal species. In our experiment, the 
weight of the animal remained perfectly constant throughout the 
entire period of thirty days. 
The accompanying tables contain the various data obtained. 


Unlike borax, boric acid fails to produce any change in the volume 
of the urine. Thus, in the fore period of ten days the total volume 
excreted amounted to 4647 c.c., while in the boric acid period of the 
same length the total volume was 4665 c.c., and in the after period 
4044 c.c. Further, there is no marked difference, to be measured 
by litmus paper, in the reaction of the fluid, although, as the tables 
show, alkaline reaction is more common in the normal periods than 
in the boric acid period. In the latter period, however, the spec if 
gravity of the urine, as might be expected, shows a higher average 
than in the two normal periods. This is due, as in the case of borax, 
to the rapid elimination of the boric acid through the urine. The 
latter shows the presence of the acid by the turmeric test on the 
first day of the boric acid period, while on the second day of 
the after period all trace of a reaction disappears, thus showing that 
the acid is rapidly eliminated from the body and is practically com 
pletely removed twenty-four to thirty-six hours after the last dose. 

Upon the elimination of uric acid, boric acid appears to have a 
slight inhibitory effect, at least under the conditions of this experi- 
ment, but upon the excretion of total and combined sulphuric acid, 
chlorine and phosphoric acid, no tangible effect is produced. Cer- 
tainly, the results in connection with combined sulphuric acid do not 
indicate any retarding effect upon the putrefactive processes of the 
intestine. In this connection it will be remembered that in Forster's 
experiments on man doses of boric acid, corresponding to those used 
by us, apparently gave rise to a marked retardation in the amount of 
ethereal sulphate excreted. Asa result, Forster arrived at the con- 
clusion that boric acid materially reduces intestinal putrefaction. Our 
results, however, show no action of this kind in the dog, and we are 
inclined to the view that both borax and boric acid are too rapidly 
eliminated from the system to be very effective in the intestine. As 


already stated, the elimination of borax and boric acid through the 
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urine commences almost immediately after t 


very questionable, therefore, whether, with moderate d { 


} 


substances, enough would remain unabsorbed at the lower en 
small intestine to exert much influence upon the growth ar 
ment of micro-organisms. Certainly, the feces do 
contain any appreciable amount of borax or bori 


substances have been administered in moderate quan 


obviously the length of time the faeces are form 


influence upon their content of soluble matter. In 

to be detailed later, where a very large dose of b 

could any decided reaction for boric acid be obtain 
Johnson’ states that in the case of the human o1 

boric acid show great irregularity in their appearan the t 

that he was able to detect them in the latter « } 
fourteen, although daily doses of 0.g-3.0 gram f b 


given. 

Lastly, it is to be noted that in our experiment th be 
there is no such increase in the excretion of phosph 
the urine as was observed by Forster; our re 
any distinct influence exerted by boric acid upon th 
phosphorized matter. 


Third Experiment. With Borax and Boric Acid. Ph peri t 


Was divided into seven periods of eight day each, th m 
total of fifty-six consecutive days durin vhich tl tion 


composition of the urine and feces were followed as befor 
the influence of both borax and boric acid Phe ob 


th , | to ascertain 


the experiment through this lengthy period wa 


prolonged treatment with borax and boric acid might t 

result in such a disturbance of physiol il equilibi that 

positive data would be obtained. With this end in 

bitch of ten kilos body-weight was brought into nitre 

rium, after which the urine and faeces were anal) { t 

utive days, 7. ¢., the fore period. Borax was then n t { 

for eight days, making the first borax period Th followed b 

another period of eight days during which neither b 

acid were administered, after which came a third period of ht 

when boric acid was fed. This, in turn, was succeeded by a1 

period of equal length, followed by eight days of borax treatment 
Jounson: Ueber die Ausscheidung Borsiure und 


menschlichen Organismus. Jahresbericht f. Thierche ISSS5 


| 
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the second borax period — concluding with a final after period of 


eight days, 2. ¢., a total of fifty-six days. By thus keeping the sam 


animal under continuous observation for this length of time it might 


reasonably be expected that any cumulative action — assuming it t 
exist would be clearly manifest. Further, considerably larger 
daily doses of borax and boric acid were administered than in th 
preceding experiments. 

The daily dict made use of throughout the entire experiment 
consisted of 160 grams of the prepared meat, 40 grams of cracke1 
dust, 30 grams of lard, and 430 ¢c.c. of water. Its exact content of 
nitrogen is shown in the table of the fore period. The total amount 


of nitrogen ingested during the fore period was 52.163 grams Ph 


amount excreted during the same period was 51.734 grams, thus 
showing a nitrogen balance for the eight normal days of +0.429 grams 
The dog used in this experiment, although short-haired, lost consid 
erable hair daily. This was therefore collected and at the end of 


] 


each period its content of nitrogen was determined and the amount 
added to the nitrogen of the urine and faeces, as seen in the accom 
panying tables. It is interesting to note in this connection. that th 
loss of hair in periods of eight days’ duration may be considerabl 
so large, indeed, that an appreciable loss of nitrogen may result 
Thus, in the seven periods of this experiment the total amount of 
hair shed was 61.98 grams, 7. ¢., 8-10 grams for each period, thi 


total nitrogen thrown off in this manner amounting to 


These figures show that the hair shed contained 12.6 per cent of 


nitrogen. Obviously, in careful experiments, this source of loss 
cannot be overlooked. 

In the first borax period of eight days the daily dose of borax 
ranged from 2 to 5 grams, the total amount administered being 32.5 
grams. In the following boric acid period the daily dose ranged 


from 1 to 3 grams, a total of 17 grams of boric acid being given 
On commencing the second borax period the daily dose of borax was 
placed at 10 grams. This was continued for two days, but on the 


third day after taking the morning dose of 5 grams the animal's ap 


i 


petite began to fail so that it became necessary to coax her consid- 


erably in order to have the day’s ration consumed. On this day, 


therefore, only 5 grams were given, but on the following day the 


appetite was nearly normal and 6 grams of borax were given. Thi 


dose was then raised to 10 and 8 grams daily, as shown in the tables, 


a total of 64 grams of borax being given in this period of eight days. 


| 
7.356 cram: 


LOD 


PER 


EXPERIMENT. FORE 


THIRD 


= 
o 
= 


PERIOD. 


BORAX 


RIMENT. 


I 


THIRD 


26 R. H. Chittenden and Wilham /. Gees. 
| 
BS 2 ::8 
= 
| : 
8 s | 


Influence of Borax and Borie Acid upon Nutrition. 27 


AFTER PERIOD. 


FIRST 


RIMENT. 


THIRD 


f t~ ~ 
= - = ‘ 
f 
=> 


| 28 R. H. Chittenden and William /. Gres. 


RIMENT BORIC ACID PERIOD 


THIRD 


i 
| = 
~ Z. 
~ ~ ~ ~ ~ ~ 
- f ous ~ A} A} 
~ an at all ial =f 
oe) 
> 


PERIOD, 


Influence of Borax and Borie Acid upon Nutrition 29 


PERIOD. 


ORAX 


SECOND 


EXPERIMENT 


THIRD 


R. H. Chittenden and \William 


O.S36 


J. Gie 


3° 
4 
| 
H 
= 
= 
~~ ont x Vw S 
us 
2 = => ‘7 = pat 
s 
ax 
= > 
r 
_ - > 
> > ~ = 
’ 


PERIOD. 


THIRD AFTER 


EXPERIMENT. 


THIRD 


Influence of Borax and Bort 


¢ Alcid upon Nutrition 


2 
ET 
= 
+ t 2 z 
= 
f 
= 
7 : 
’ 


9¢ PST 


Lot 


R. H. Chittenden and William /. Gies. 


“AUVINNINAS IVAANAD Ad No 


: c 9922 2 8 
~ = = 7 + “> 
= J 
“ f + Ww f 
a 
~ = © i~ 
= wn Ya 
‘ 7 + 
= 
om = - = = - 


ial 
| 


‘ 
il 
tir 
aD 
1] \ 
\ 
\ 
\ 
N 
N 
\ 


da 


Lifluence of Boran Boric Acid upon Nutri 3 
Throughout t ment of fift 
mained pertect key tant bod 
is ! | ain on { 
Phe r m of mitre n for th 1) 
the follow 
/ 
to | M4 
N I K) 
Nit f \ 
] 
| 
} 
I S.7 ) 
ka 
f il 0.463) 
nl 
Kat f | I! N 
to | 
rams of borax, 2 avera of 4 
practically no chan in th rate of proteid 1 
however, a slight. ri nthe amount of fieeal nits 
noticed in the first experiment with bora 1) 1 { 
’ 


R. Hl. Chittenden and William /. Gees. 


balance is somewhat changed, but there is plainly no effect produced 
on proteid metabolism In the second borax period, on the oth 


hand, there is evidence for the first time of a distinct and unquestion 


able influence upon proteid metabolism In this period of « it 
davs 64 grams of borax were administered, and under its influence 


excretion of nitrogen through the urine was greatly increased Asin 
the other experiments, the proportion of nitrogen in the fac 
likewise increased, implying decreased assimilation of proteid for 
but the nitrogen balance of 1.878 is mainly due to dir stimulation 
of proteid metabolism. When, however, it is considered that to a 
complish this result a daily dose of 8 grams of borax was requit 
ind for eight consecutive days, with a dog weighing only 10 k 

it is very plain that proteid metabolism is not readily attected by 


In the boric acid period of cight days, with a total dosage of 


vw acid, there is some evidence of diminished proteid meta 
bolism. The excretion of nitrogen through the urine is certain 
diminished; there appears to be a sparing of proteid, but it is to b 


noticed that, in the period following, the nitrogen balance remain 


action of the boric acid may be continued into the after period. bu 
this we should hardly expect in view of the rapid climination of bor 
acid from the system. Further, after the second borax period, wher 


the nitrogen balance is so noticeably disturbed, there is a quick return 


to the normal, the nitrogen balance for the final period droppin 
back to 0.661 Consequently, while the analytical data show a 


retention of nitrogen during the boric acid period, thus indicatin 


diminished proteid metabolism, we feel some hesitation in attributin 


the result wholly to the boric acid, particularly as the earlier exp 
ment with boric acid gave essentially negative results 


especially noticeable in this experiment, as in the earlier exper 


ment with borax, is the action of the latter agent in reducing th 
volume of the urine. [See table showing general summary.] In 
both borax periods the total volume of urine excreted is distinctly 
reduced, and the same holds true in this experiment with the bori 
cid It is quite probable that the somewhat larger daily dose of 
boric acid made use of in the present experiment is responsible for 


this result, although it is possible of course that the personality of th 


inimal may have had some influence. In the previous experiment 
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unaltered, which fact casts some doubt upon the assumption that th 

result is due solely to the acid It is of course possible that th 

’ 


vit Lb 

Of thre ( t In | 
proper to consider t tb 
CXp ment a ) ) th i 

t-} 
mctadoiisnl | ( 

\lso n eabl« t ‘ it t { 
} 

ao Ort be i rel 1 t 1) 
icid. Both of th ( yin 

ist Doran p d t t 

n, and thet tion of thr 


phoric acid } lv increased, t { 
i htly diminished It th pla t t 
that wh moderate d of bora en 

Influence upon the nutrition pre 1 i 
distinctly ncrease the rat I p t metab 
only to an increased « ection of nit i. but a { 

acid and phosphoric acid 

| 

In all of these experiments with b t 
of an increase n th ht of th {4 + ) 
Chis increase in weight is due in part to an increased output of 
genous matter through this channel, but whether the latt 
by diminished digestion and absorption of th roteid f lor t 
stimulation of the muco or oth ti i nt i t 
nal tract is not so clear It has been p 

another connection! that while borax in moderate quantit 
inhibitory action whatever on either gastric or pancreatic d t 
prote ds lat er proportion do reta 1 th prot ict 
proteids, larger proq | t | 


digestive fluid Further, retardation of proteol vitl 


1 tl 


much more pronounced than with boric acid; hen re 


e that the increased bulk of fa ind t! her ntent 


nitrogen therein during the borax period 1 
retardation in the assimilation of proteid f{ 
Laree amounts of borax likewise interfere with th tion of 
fattv food i statement ich d t app t me t ry 
In the accompanying table | pa 
our analvses of the drv face from a study of t 
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periods of experiment third — both the total and percentage amount 
of ether-soluble matter in the faeces are greatly increased Ord 
icid, on the other hand, produces no such effect. In the first exper 
iment, with borax, the evidence of decreased fat absorption is | 
yronounced, although both the dosage of borax and the amount of 
fat fed were greater than in the first borax period of experiment 
third. Quite possibly this apparent difference in action may be du 
to the personalitv of the animal Hfowever this may be, it plain 
that large doses of borax are prone to increase somewhat the bu 
of t frece n part by diminishing slightly the assimilation of bot 
yroteid and fatty food, and in part, we think, through a tendency to 
increase the secretion of mucus Thus, we observed in the last 
periment, during the period when the irgest dos f bora \ 
en, that the feces were more slimy than in the normal periods, and 
appeared to contain more mucus than ordinarily lurther, it is to 
be noted that under the influence of large doses of borax thet 
tendency toward diarrhaea; not very marked to be sure, but suffi t 
to render the discharge of faeces somewhat watery 
In spite of these evidences of minor action in the intestinal tract 
vith lar doses of borax, ther no evidence whatever of an ) 
fluence exerted upon intestinal putrefaction, cither by borax or bor 
acid. [ven with the largest doses of borax the combined sulphuric 
acid of the urine ts raised rather than lowered, and careful examina 
tion of the urine daily with Jatfe’s indoxvl test failed to re il any 
indications pointing to an inhibitory influence exerted by either 
borax or boric acid upon the production of indican If, hov 
one studies carefully the output of combined sulphuric acid as shown 
in the various tables it will be noticed that the highest f res a 


nerally obtained on the day (or the day preceding that) on which 
the dog defecates; while after defecation the combined sulphuric acid 
] ] - +] ] 3 

of the urme fatis atonce. In other words, the natural obstruction of 


the intestine favors, as is well known, the absorption of putrefactt 

products, and thus leads to an increase of combined sulphuric acid in 
the urine. When, on the other hand, defecation occurs, the com 
bined sulphuric acid of the urine is at once diminished in amount 
Upon these natural fluctuations of combined sulphuric acid even the 
largest doses of borax and boric acid are without effect, not because 


these agents are without influence upon micro-organisms, but becaus« 


they are too rapidly and completely absorbed from the intestine to 


exert much influence upon intestinal putrefaction. In only one in 
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tance were we able to detect any boric acid in the faces, viz., on 
June 5th, ata time when the largest doses of borax were bein en 
ind at the close of this period the boric acid reaction could be 
obtained with the urine only on the first day of the after p ( 
ipidly wv the borax passed out of the body 

Lastly, attention may be called to the constant presence, in appt 
ciable amounts, of uric acid in the urine of all the animals experimented 
vith, in opposition to the older statements of Liebig ! and oth 
ynurenic acid may entirely replace uric acid in the urine of the d 
Our result o far as they extend, are th hi n accord 

cent observations of Solomin We have, howev: made no attemp 
to determine the amounts of kynurenic acid present 

General Conclusions Moderate doses of borax Ip to 5 grams p 
day, even when continued for some time, are witho n } 
proteid metab m. Neither do they exert any specit iluence t } 
th neral nutritional changes of the body. Under no « star 

oO far as we have been able to ascertain, does borax tend to inerea 
body-weight or to protect the proteid matter of the 1 

Large doses of borax, 5-10 grams daily, have a direct, stimulatin 
effect upon proteid metabolism, as claimed by Gruber 
especially if continued, lead to an increased excretion of nit } 
through the urin Uso of sulphuric acid and phosphoric acid 

Boric acid, on the other hand, in doses up to 3 grams pe lav, 
practically without influence upon proteid metabolism and yon tl 

neral nutrition of the body 

dorax, When taken in large doses, tends to retard somewhat. the 


assimilation of proteid and ‘fatty foods, increasing noticeably the 


the feces and their content of nitrogen and fat. With v 


tendency toward diarrhcea and an increased 
of mucus. Boric acid, onthe contrary, in doses up to 3 


day, is wholly without influence in these directions 


“auses a decrease in the volume of the urine, changes thi 


we fluid to alkaline, and raises the specific gravity, owin 


to the rapid climination of the borax through this channe!] Under 


no circumstances have we observed any diuretic action with citl 


borax or boric acid. The latter agent has litt 


larce dose 
excretion 
bow’ 
of the urine 
' Lienig: Annalen d. Chem, u. Pharm.. Band 86, p 125 
SOLOMIN Zur Kenntniss der Kynurensaure. Zeitschr. f. physiol. Chen 
1897, Band 23, p. 497 
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VARIATIONS IN DAILY ACTIVITY PRODUCED BY ALCO 
HOL AND BY CHANGES IN BAROMETRIC PRESSURE 
AND DIET, WITH A DESCRIPTION OF RECORDING 
METHODS 


| ited out the significance of experiments on wisn 
individual wholes, as leading toward the proper object and _ fin: 
UTP of biol il investigation the discovery of the law f 
if Growth, anabolic and accumulating, has its reverse in all forn 
f katabolism, of which by far the most important are the forn 
vhich yply from day to day and from hour to = h encrey f{ 
th bodily functions which mav b immed »y under the broa 
name of ictivit If we rant that the activitv of any in ( 


then the study of th iriations of that activity, and of the cond 
\ hy id ich variations, becomes of the utmost importan 

With the commencement of such a study its difficulties b n 
Hlow is it possible to arrive at an adequate estimate of such acti 


Ihe present methods of Science can measure metabolism but exact 
chemical analyses would be impossible’ in a long series of exp 

ments on normal animals. It becomes then clearly necessary to 
make many assumptions in devising a practicable method. In th 
research about to be described it has been assumed that the amount 


of muscular energy developed, in other words the amount of work 


\cknowl ments I wish to express my obligation to Dr. Warren P. I i 
LISS tor luce Fig 2,to Dr. C. F. Hodg f Clark Universit i 
M 1d. App ind ¢ f permiss to adapt Figu i to Dr. Hod f 
i ista roug t my work I am deeply i il to Ma 
G f W Mas vhos tva eX] 
n la rromete rds at my disposal at all tin i » Mr. J is G. Clark 
f Clark \ permal t pr sion f ivestiga 
il ‘ work possi 


By COLIN STEWART A.B PORONTO 
Fellow in I ark ( 
| a series of papers dealing with the laws of growth Minot! ha 
organism mav be an index of the sum total of its bodily conditions. 
( LIN C. STEW 


unnin 


Variations in Datly Activity 11 
done, by anv animal dav by day b Noa mate ¢ 
of it isceptibility to th ia ndition 
for experimentation But here again 1 yst \ ' 
mal, even under condition hich 4 m to b 
spontaneously s] L uniform « tivity f 
days Small Ca appal ntly nat ) il 
component part In st ne fleet of for le. 1 
difficulty becom OV helmut that it 1 that th 
causes must be investigated t thes Weather 
recognized as potent, must be st I] fect f atn 
pressure, atmosphet ture, ten tur 
tt cal iriat 1) t b tpt | ) ! { 
before we can hope ur it tion 
with its almost indefinit number ntit 
Of the metcoro il fact just ment tt 
pressure has been taken int n ition | Phe met ‘ 
the research ha neverthel b 1 { 
studying the effects upon activity of variation t, and of t 
administration of a th the hope of 
and general as to be of 1 it ist t 
this comparat Iv new tield of operation 
So much for the purp nd aim { t takin \ 
must be said as to the se tion of tab nit f 
ments It med best to choose rat nd 1 t 
as manv as p ble of the 1 lirement | : 
easily fed and cared for; and, best of a ny " 
cages they spend most of their tim vhen not eat ! 
With regard to the distribution of their workit 1 Is it 
, be noted that the records obtained from rats sl that t tivit 
is confined entirely to the hours of the night Beoinni t fron 
to eight o'clock in the evenin later in summer than u t 
thev are uniformly, though not continuously, act t] 
eight or ten hour Contrasted with th t] tivity. of 1 
squirrel, the records of which show greater intensity, but « 
hour or two night and mornin still another typ is that of 1 
fox-squirrels, active throughout thi hole of na 
only at night. Such difference ndicate that an ft 
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ed, and of the 


} 


neral methods of procedur 


Description of Apparatus and Methods. — | 


primaruy Of two parts the Caves in which th 

1} wed 1, ANG l t 

their 1 ements in these cages Kach of the « 

throughout the experiments on rats cv line 

long by t ntv in diamet made of fine wire 


it t 
1 
1, it m 
the app 
t Co)! 


| ] 
AY 


closed in but for a small round opening on on 


of the nest-box next the door is fixed a deta 
two compartment \t the opposite outer « 
P| 


eccentric which, with each revolution of the cage 


pushes aside an upright lever attached 
and in so doing pulls the wire connecting th 


recording apparatus 


Cages used for mice are similar 11 constructi 


1) 
Omi 
} 
1) 
) 
) 
) 
+ 


f omparative distribution of activity and of the relation « | 
to its duration promises interesting and valuab I : 
I 
mencing, as did Hlodge and Atkins? with the protoz 
possible to develop much that would bear closely ups 
animal rhythm, rest and sleep 
Phe following section will give a detailed accoumst of 
to bD CN 
nisms for recor 
ttin oldcred 
—_— 
ak 
; 
\ 
\ w 
\ 
ak} 
| 
a 
I I 
frame of stout steel wire The cage revolves freely on a steeP rod 
supported by a fixed wooden frame \t one end is a wide-hinged 
door; from the axle is hung a light wooden nest-box, completels 
side; and to the end 
hable tin feed-box of 
nd of the cage is an 
in cither direction, 
vooden axle support, 
cage lever with thy 
on, except that their 
mall size (eight inches long by five in diameter) renders them = so 


position | 
| clamp holds a b fag th it 
lo record the 1 tions of 1 
standard carrvit 
1 
\ al | 
oft the « al \ 
i dal Lo) ) 
record ane t! 1) 1 
Single revolutions db 
| 
hen the Ca | to t 
tinuous broad band mat t durat 
\n electro-magnet time-market nnected t { 
clock makin hort connection minut ’ 
and distribution Of ) Ol I ) 
Ihe kyvmograph method just d { { 
tudy of the distribution of act tv thre out t ! 1 
species of animals, and nin ditterent anin ft 
is neverthel a rather unt ) one for « { 
mental measurement \fter f { 
reached which ts. sutt ntly reat to be 1 by tit 
broad band, no greater specd of 1 lution ! ti! \ 
any feature of the tracin In oth ( it ! 1 t 
do twice as much work as the other in t l of 1 
without any indication of that fact bei 
their activits 
\ much more exact recording method the f 
been used in almost all the experiments to be d rily | hat 
spring and balance wheel of a mmon sprit re orem 
and to the « ipement at ittached, on o1 tt ff 
brass wire, and upon the other a wu hich, passing t t 


( ( SL ward. | 
| 


like opening in the clock case, is in turn attached, as was the wire in 
the preceding method, to the cage lever Keach revolution of thi 
cage, as before, pulls the wire, the escapement is drawn down, and o1 
cog of the ratchet wheel is let go. In the clocks used two of thi / 
CO correspond to one second on the dial even thousand two 
hundred, therefore, to an hour The clock ts set at twelve, and th 
exact number of revolutions performed in any given time by the « 
to which it is attached may, at the end of that time, be read off « 
the dia 1] method fails to give any representation of the dist 
bution of ac tv, but its relative accuracy in recordin the tot 
amount of work done makes it perhaps the most useful in exp 
ments where daily variations d to food and di fects are b 
sought fo By estimating the circumference of the ca used, and 
multiplving by the observed number of revolution n any 
time, one may obtain a rough estimate of the distance trav 
For example, it was noted in the co 
SE of the various experiments to be d 
scribed, that a common gray rat will rut 
j 
| 1 - 
a \ i normally from five to fifteen miles in a 
cot A \ 
/ \ nglie meht, one particularly a ra 
° i D I 
travelling an averegate distance of one 
1 if at i 
for hundred and forty-three miles ten 
d i 
adavs 
| In a third piece of recording appa 
ratus, not so well adapted for prolonged 
= 
3s experiments, but possessing in a measure 
t] 
<= the advantages of the preceding two, in 
i stead of turning the hands on the dial 
as inthe second method, a similar clock 
is made to wind up a cord which runs 
s va on a bobbin fastened to the axle of the 
90.00} “117 hour hand The cord is attached to a 
vertically moving stylographic pen which 
= ylos 
w 
. records its position on a slowly travelling 
roll of paper When the cage is not 
' revolving the pen is at rest and traces a 
and thermometer { om ird ) 


horizontal line; but when it is revolving, 
the pen slowly rises as the string is wound up. By using a roll of 


paper carried on a kymograph at the rate of six or eight inches a 


day, and recording also thermometer, barometer, hygrometer an 


The Effect upon Activity of Changes in Barometric Pressure 


Lombard? has described a bet 1 t 

VCad 1 { ) 
1) 

mperature. No 

cle t ten i | 

ments upon himself, that a « 


the ability to do voluntary 


re increases n ir powet 


aie RUM 
| 
‘ A 
| 


\ 
| 
| 
| 


of the net 1 omplex | { { been « 
strated that we might natut ( t to f iriatio t 
amount of spontancous daily wor t vit ! nat 


pheric pressure. Turning to the experimet n 


: time, a more or omplete picture of the data for 
| 
t t 
ciated with much humidit 
/ \ / 
/ \ 
| 
\ 4 
t \ 
An undoubted influence of baromet: riation pon the tivity 


already outlined were used, we have in igure 3 a curve, plotted 

terms of cage revolutions, for seventy days, of the average da 

activity of six common gray rats, full grown when caught, and ther 

fore uninfluenced by domestication Phe dotted line hows tl 
variations in barometric pressure during the continuan of th 


periment. Up to April twelfth, that is during the first half of tl 


time, the rats were perfectly normal During the latter half, howe 

four of them were getting alcohol in addition to their 1 ir f 
Phe consequent interference with normal activity is shown in th 


herwise unaccountable rise during the latter part of April and th 


first few days of May. Chis will be referred to again more tully 


when the alcohol experiments are being described 


MIN | 
200 30m BAR \ 

/\ | 


90 


24 

DEC.*94 JAN."95 
I RE 4. Cur rf i n s of a 

da Baron r, as bef 

Figure 4 is a curve of the variations in duration of a ty shown 
by a single gray rat during twenty-six days Phe cur of bare 
metric pressure 1s superimposed in dotted line. In each of the 


curves there is shown an inverse relation between the amount. of 
daily activity and the barometric pressure Similar result 
obtained from the records of a common red squirrel, though tl 

squirrel’s activity showed at times extreme variations from day to 


day with no apparent cause 


Figure 5 shows curves of the variations in daily activity of thre 


eroups of white rats for one hundred and twelve day For th 


first twenty-six days the record is from five pairs of rats, one pait 


male and female, to a cage; for the next twenty-six days six pair 


are recorded, five of them being the five pairs of the precedin 
| 


davs; and for the rest of the time a new series of six pairs furnish 


the records. Where a point in the recerd has been enclosed in a 
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small cur perfect t t 
The b 
4 

JUNE 
RI Cur 

ay \! \I 

new 
Whatever cort yonden t 
lead to tl onc] n that th fect of at 
pressure ect on i t 
erayv rat \ point worthy « te, | t 
pressure effect hown m n t { { 
periment where the anima ul vert norm | 
in th cul from tl be t ) \ 
and from Mav fourth to June tirst here tl record re fi 
mal rats, a correspondencs more clearly shown During t 
of the time th Wn wim vere bein { 
ment vith a conse: nt iterferen 
of the daily iriation n the « t { b 
oreat rise avera ict t\ r ad t 
is without doubt d to the disturb in to the cel 


bration of Independence Day 


Variations in Daily 
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Figure 6 gives another curve of the average activity of six white 
rats, with barometer plotted in dotted line as before. Jlere again 
the correspondence between the curves is only of doubtful value 
I \ i SIN 
igure 7 shows, in solid and broken line, the cur of activity of 
two dogs, from data obtained by Hod by means of a pair ot 
ingeniously conti d pedometer itches irricd by t n 
their colla he curves are plotted from the readin f th 
watches taken once a day. ‘To the chart I have added in dotted 
line the curve of barometric pressure for the forty-six davs of th 
experiment, with the result of establishing a mewhat st n On 
respondence The curve We ds be dl nie tine 
records for the two dogs were averaged instead of being pl ( 
MAY NE 
I I ( s of v of tw k ! I 
1c irla t x f xperir 


separately, as they are in the figure; but it would not show, as 
does now, the remarkable similarity between the two. Other meas 


urable factors are undoubtedly at work in producing variations, — 


factors which can be determined only by manifold repetition of such 


experiments. 


The foregoing charted result 


the amount of volunta 
pressur ilk t 
pressure and the ac t\ { t 


amount of their daily activity and 


to point to the possibility of a 
between domesticated animals, 1 


wild animals with their greater n 


ervation and their greater interest 
The Effect of Changes in Diet 
were all upon white rats normally 


and wate! In the first experime 


one pair to a cage, were used | 


) ) 
I ( tere hy t ) 
| 1 t for t 
orn. From the t 
int \ ict t 

' 

In th ond experin 
a cal 1) ) 
first tw e day t 
records as the 1 t 1) 

fifteenth ) 


>» 
Variations Daily Activity 

| 

mented upon showed only a doubtt { bet 
nt 

Wdependent of 
{ lon niforn 
activity of three pairs, the broken line that :% r t 
| 
I | | 
t the | 
1) 
| 

the amount of da vor} kort ! 

to twenty-fifth) bread and fat lear 

manifest decrease | nf 
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thirty-first) bread alone, as before, was fed, with again a rise. This 


seventh) with a fall in activity. From the eighth of February to the 


end of the experiment on the first of March bread alone was fed, 


was followed by bread and beef for seven days (February first to 


/ \ A \ 
Fi f ( 
1) | 
M 
19 f f | 
with a resulting rise in activity The record for this last period re 
mains uncomplicated, however, during only the first eight days. On 


the seventeenth of February the record for the preceding night was 
not noted, nor were the rats fed Phe records for the sixteenth and 


seventeenth were therefore lost, while the records for the cighteenth 


and nineteenth show the etfect of insufficient food Recovery was 


complete by the twenty-third, when unfortunately gas escaped in the 


room in which the experiments were carried on, and several of the rat 


1 


were noticeably poisoned by it the effect upon their activity be 


shown by the records of the twenty-fourth and twenty-fifth. — Ke 
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of the rat Cl ta at nn nent t 
each chan ind at t nd The t { 
We that a a tl 


other way the result of this ex 
| periment (s | 1O) 
I 
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mentioned Nas n i n trom | 
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FI RE 11 f | 
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Effect of Alcohol. — Huodlve,’ 
periments on the physiological 


observation 


pair of itches «cc 
Ucoholic showed during forty 
the activity of th ther, while 
ip enta of nly fifty-seven 
In the first se of mv own 
rat f as nearly ha cights 
similar cages and kept ona 
neer or short periods before 
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dogs, 


although never 


he two normal controls lhe use of a 
cloped the fact that, of the males, th 
SIX days only on per nt of 
with the females the alcoholic showed 
experiments gray rats were used. S 
as could be found wer plac d in 


the actual commencement of th x 


that the total average activity of 
hat of either of the other two pi 
( \ to tw stron 

two as normal controls \lcohol 


increasing streneth, accordin 


was administered with their food in 


following schedule: 


Kat 3 March April 2otl April 25th. 
N a After rich diet. After diet of brea After rich diet 
| 305 g 310 325 g 
) 312 335 322 325 
235 49 38 +0 
Comn t.) After diet of brea \ft diet After diet of bre 
2s] ( 
3] 36 
the published account of his 
ettect of alcohol on dogs, records th 
that the two alcohol intoxicated, 
| 
periment \verages of their activity for such periods were taken on 
\pril twelfth, 1895, and the rats were arranged in pairs in such a way 
anv one pair was as nearly equal t 
urs a It Was decid 
ilcohol to two, and to keep the other 
th: | 
\p May : 
Normal () () ( () () () ( 0 | 
W eak 10 15 () 
Strot 5 10 1; 20 0 SO 60 | 


Variations in Activity 


So that one pair from April twenty-seventh 


periment in October of the same vear drank noth t twel 
cent alcohol, while another pair had a sixty per cent 
May fourteentl 
Figure 12 shows the voluntary activit f 
experiment Phe solid: line t] rv ft 
normal rats, the dotted line that of t 
300 STRONG ALCOHOL $% 20% 40% x 60% TOTHE END 
WEAK ALCOHOL: 5% 20% TO END OF EXP 
NORMAL 
00 
MAR. APR. °95 MAY 
MAY JUNE JULY 
Ju AUG 
SEPT 
Fi RF 12 \ eX ) 
orma i 
Wa | I 
broken line, that of the strong. One of the rat tt t t 
solution died on the seventeenth of May, the second on t t 
sixth of Jun Qn the eighth, tenth, ¢] ith, fourt t { t 
sixteenth, seventeenth and eighteenth of Junc, and on t 
ninth and tenth of Julv, water wa ubstituted 


result was a decided rise in the = a \ 


rats and no definite effect upon the weak ale loan | 


iven, and the 1 


n tl on n act 
n bt partiv due to thre 
1) 
12 +] 
| ire 13 es another 
normals plotted as a level 
rd b v that norma | 
P TRONG ALCOHOL 
WEAR ALCOHOL 
NORMAL 
2 
| 
| 
| 
MA Nt 
A 
I ft 
Wa ] 
cohol rats, and the dotted 
than | 12 the pr 
ne strong alcohol, with a 


ir, male and fe 


an CNpPcrimie 


malic, to a Ca 


itv toward the end of the expe 
lack of variety and neral insuffi 
rendcerin Oot the ime curve 
ne and the others shown a vin 
he broken line is the curve of th 
END OF 
i Vet f 
I I I ) I 
ne that of the weal It sho 
mary rise in the activitv of the ra 
ubsequent fall as soon as forty pel 
ne the month of June when wat 
etting weal ucohol it a 
| | 
the level of the normals for any 
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rhap 
+ 
cent ts 
acain cl rwa 
ibstituted lor the anima lower 
rise but no subsequent fall t leneth 
of time 
igure 14 is a chart showing the result of six 
pairs of white rats, one 


ul 


bartations in Datly Activit | 
pairs are normal. thr lout, t avera tivit 
plotted solid tin th { 
davs, until Jun ond, when ten, fift { 
alcohol at en on fou ve day he t { 
} 
5s) 
| 7 
4 
MAY N 
I Ul 14 \ xper \ t | 
il 
being continued until the end of th ‘] ment on | t] 
curve shows no decrea as the 1 It of teri 
twenty per cent solution, but 1 ther a relati 1 | 
too, Give an example of increase thi 1) t 
etting wsed to the apparatu 
following immediately upon the administration of thirty 
/\ NOR} | 
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| 207 f / A 
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APRIL MAY 
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pal | t 
4 \ ' | 
alcohol n the precedin ment ! 
three for alkohol and thi for control re used Poin 
in circles are filled in from imperteet data. 
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CONCLUSIONS. 


+ 


1. While the experiments show, for gray rats and for a red squirrel, 
an influence of barometric pressure on voluntary, spontaneous activity 
that indicates an inverse relation between the two, the curves for dogs, 


and possibly also for white rats, show a direct effect of atmospheric 


pressure in increasing voluntary activity. The difference may be due 
to a constant difference between domesticated and wild animals | 
2. Influences other than barometric pressure are undoubted] 
work to produce variations which must be considered as normal 

3. The effect of a rich diet upon white rats is to decrease voluntary 
activity, while that of a plain though apparently sufficient dict is to 


increase it. This increase, in one experiment, has been correlated 


yvanied by 


with a slight loss in weight, while the decrease was accom 


a corresponding gain 


] 


4. The activity of rats is markedly decreased by the administration 


} } } 


of alcohol in thirty to sixty per cent solutions, but no decrease has 


been experimentally demonstrated as a result of giving a twenty 


dD > 


per cent solution of pure alcohol. 
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of blood through the brain up to a certain limit only So on a 
ntracranial pressure is raised by the expansion of the artet t ch 
in extent as to cause occlusion of the cerebral veins, the volumx { 
blood cir iting thre h the brain is diminished Phere follows 
nal these circumstance Vhat Grashey cal a bration of th 
ns The oc on of the veins by th ntracranial pressure ts 
reome by the consequent rise of static pre re. transmitted 
through the capillaries, and thi n turn is followed by oce na 
the pressure in the patent veins falls, and so on 
\ similar has been held by other authors who have treated 
he subject from a theoretical standpoint, and by some of those who 
have investigated the matter experimentally. The differences of 
opinion seem to be mainly as to the level of arterial pressure at which 
an obstruction to the blood-flow occurs, whether it fa vithin the 
range of normal variations of pressure or reached only under extra 
ordinary conditions. This admission appears to be of the nature of a 
theoretical concession to the recognized peculiarities of the cerebral 
cir ition, and it is of interest to Inqui how far it upported Dy 
ictual experiments The simple and direct method of solving the 
problem is to measure the outflow of venous blood from. tl brain 
nder different conditions of arterial pressure Uh method ha 


been employed by a number of authors with results which seem 
to be uniform and quite opposed to th mclusion obtained from a 
theoretical consideration alon The experiments carried out by 
Gaertner and Wagner,’ and since practicall epeated by Bavliss and 
Hill? Hill and Nabarro,’ Reiner and Schnitzlet ind others, have 
shown conclusively that the flow of blood through the brain } 
creased as the general blood pressut raised. Even maximal b dl 
pressures produced by the action of strychnine or absinth e only 


an mcreasea oO ow from 
even a temporary s vin 
While these experiment 
of blood pressure, so far as 
ne mechanisms of the ciret 
diminished blood-flow as d 


the authors quoted that if 
creased, a point must be rei 
of the cerebral veins, a pern 


will result. Thus Hill? 


id abnormally hig] 


: nN al 


fails to | 
emanded by theory, 


arterial pr 


iched at which, owing to the compre on 
lanent or temporary diminution of blood 
says, “ It however, possible that a very 


se of arterial pressure 


the cerebral veins with no indication of 
have shown quite conclusively that a ris 
it can be produced by the normal reculat 
uce the condition of a 
it is held by some of 


Hlich Arterial Pressus upon the b 
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not th tru For 1 purp [ ha t 
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voirs of blood, or Ringe ition ton tht 
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Drain Was Call ht n laut ea ) pen | 
upon a kymovraphion Phe det f th 
Lh animal i Dicd ( { ! | 
and cann isl Iwithachbrinat ) 
tions were introdu | Phese cann nnect { 
voirs of carefully filtered calf's b lor k tion 
the inflow cannula — 
stead of in the vertebra and the flow d t to t tt 
arteries bv ligating the other branch | catch t tt] { 
blood from the brain, cannulas were pp! | direct 1 
cerebral veins at their emergen from. th ! 
in the external jugular \ afte tin tit Dral 
except the two superior cerebi ! | tert 
on the two sides wet ited cl to 1 } \n attempt 
also made in some cases to shut off t outflow throu { 
sinuses into th pinal plexuses, but as 1 n me dat 
altering the conditions of p re within t t ttemprt 
ibandoned In the experiments as ma therefor t paat 
were opened to the blood flowing from tl 
as not measured, into th pinal { 
+ 
ransvel Inu ind | outt 
the latte va measured T i lor | ol 
experiment, inasmuch a n the d t itter { { 
through which most of the blood { tof 1 
+ ] + ] 
experiment wa ) teormin cil 
pressure upon th rate of outflow from tl ! | I 
innulas from the two = sid nited t t t 
means of a Y piece, and tl tub ‘ 
tioned above This test tub x ' 
through which it could b mpticd ray vhen d | | t 
Val yun by a spiral of German i ! ! ifter th ! 1 
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gested by Bowditch for plethysmographic records, the spiral being 
so adjusted that the level of the liquid in the test tube remained 
constant. The movements of the tube as it filled with blood were 


recorded upon a kymographion upon which also a time record in 


seconds was taken simultaneously. As the movement downward of 


the test tube was constant and could be calibrated beforehand, data 


were obtained for calculating exactly the volume and the velocity of 


the outflow from the brain. 


In performing an experiment two reservoirs were connected with 
the inflow cannulas; one of these was placed at a sub-normal level of 
from 30 to 60 mm. of mercury, while the other was at a height 
sufficient to cause a pressure of from 300 to 500 mm. Hg Phe 
pinchcocks connected with the lower reservoir were first opened and 
the rate of flow was determined at this level. This pressure was then 
changed suddenly to the higher level by opening the pinchcock 
connected with the upper reservoir and closing the one on the 
tubing from the lower reservoir. The pressure was then brought 


back to the original amount by again making connections with the 


lower reservoir. The experiment was usually repeated a number of 
times. So long as the pressure was kept low, the rate of out-flow 


remained constant or nearly constant for some time, but exposure 
to the very high pressures brought about quickly an cedematous 
condition of the brain which diminished markedly the tota 
or might even suppress it entirely when the arterial pressure was 
subsequently lowered. 

Phe direct results of the sudden change from sub-normal to supra 


normal blood pressures were, however, the same in all cases; thi 


there was never any indication on the record of even a temporary 
blocking of the flow through the brain. The circulation through 
the brain under these conditions behaves in fact precisely as it does 
in the other organs of the body that are not enclosed in rigid cases. 


The nature of the results obtained are indicated by the accom- 


panying figures’ (Figs. © and 2) which are reproduced from the 
curves of two of the experiments. [Examples of the actual amounts 


of outflow as calculated from the records are as follows: 
/ rp. 1 Small dog bled to death blood defibrinated jo c.c.) and m xed 
with equal volumes of normal saline and Ringers solution to make 4 litres 


Intlow cannulas placed in the vertebrals, outflow cannulas in the superior cerebral 


Veins just at their emergence from the skul 


1 
venous outflow was increased at once to a proportional amount, and 
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Arterial pressure 60 mm. mercury outtlow not measurable with accura: 
2d series on the same animal. 
Arterial pressure of 60 mm. mercury = outflow not measurable with accurac\ 


ol 42.12 C.c. per mil 


I I | of outtlow fron il r art il p es of 60 mn 
Mmm il { Mi! 
( mim H it! W 
2 
Return to 60. 10.24 
I time r it t t f i 1 in con 
It ( lent from the data given that in all the experiments made, 


ceeded, and this effect was most marked after the blood vessels had 

been submitted to very high pressure Phe probable explanation of 

t Tact that the dead capillary wall permitted a rapid filtration 
| 

of liquid hich rendered the brain cedematot condition, 11 


the blood-flow through the brain diminished as the experiment pro 


submission to the high intravascular ps ir | \ 
normal conditions does not, however, attect the { 


ments so far as the main point under inv ition is con 


deed, was apparent to the eye when the brain w t' 
4 
Fi. 2 f outtlow fror ra nder arter pr & 
mim. 
{ f 
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brain was still 
which have been supposed to cause a compression of the veins and 


temporary or permanent slowing of the blood-flow when the arteria 


in the unopened cranium, and the physical conditions, 


al 


pressure is suddenly raised to supra-normal levels, still prevailed. 


I 
Indeed, the cedematous condition of the brain should have exay 


cerated this effect instead of counteracting it Nevertheless, 


the records show that in all cases where the arterial pressure was 


suddenly raised to as much as 400 or 500 mm. of mercury, the 
outflow of blood from the cerebral veins increased promptly, and 
here was no indication at all of even a temporary blocking of th 


flow 
When we consider this fact, together wit 


eral authors upon the outflow in living animals in wl 


pressure was raised by action upon the vaso-motor mechanisms, it 


scems justifiable to conclude that the blood-flow through the brain 
always increased by a rise of arterial pressure, no matter how reat 
or how sudden this rise may be, and that a compression of the vein 


sufficient to block or temporarily impede the blood-flow as a direct 
result of a sudden rise in pressure in the cerebral art phy 
mpossib Phe author can indorse the con on drawn by Reinet 
ind Schnitzler from their experiments that a rise of pressut n tl 
erebro-spinal liquid due to increase of arterial pressure cannot 
xceed the simultaneous intravenous pressure. 

Obviously the authors who have arrived at an opposite con- 
( on have erred somewhere 1n the theoretical premises upon wh 
thei irgcument is. based \ satisfactory t itment of ull the 
yhyvsical factors involved in the statics and dynamics of the blood 
f] through the brain ts most difficult, and, perhaps, impossible in 
the present condition of our knowledge but it ems to the auth 
that in the theoretical considerations of the subject met with in 
physiological literature, some factors, which explain in large mea 

the contradiction between the experimental and_ theoret 

conclusions, have been more or less overlooked In first 
place the view distinctly announced by some authors and_ tacitly 
issumed by others that arterial expansion causes a Compr on of 
the large venous sinuses of the brain seems to the author to be 
ntirely inadmissible Grashey calls attention to the anatomical 
facts that make this view improbable Phe venou use are 


covered by lavers of the inextensible dura mater tightly stretched 


in some cases across bony channels. Any one who examines the 


™ 
h iit htained hy 
results ODta 1ea 


/ligh Arteri TA Pre SSUVCS UPON the 


vith the opinion stated by Gra t t 

it tn place must be, eat 
that open into th luses, that any 
cranial pressure must attect ily 
in fact, that the wa f the } { 
t it their truct i ben 
interference 1 th cm t { 
ince th } Vstem ) ) 
yoint Vibiel tot ( i 
ifect th en Heo 

I ha attempted to demon \ 

ncompressib tv of thre uit t 
and which was the only one that seemed to b 
so many technical « t that | 


yon one end was ticd a delicate bag, mad 
coats of th ntestin f a fre Lhe 
with iter Irom a pre ire fla yas to « 
catheter was connected by tubing 
manometer of barometer tubin Phe cat 


introduced into the transverse thi 


position, the pressure in th ter Manomcetel 
raised sufficiently to distend the bag and n 
branous walls of th n Mean th 
vater, the foramen magnum tightly cl dl 
nserted in the sheath of the « i mat ind t 


pressure flask By means of the latter the pre 
was raised or lowered suddenly to any d 

this variation in pressure upon the walls of th 

have been indicated by the manometer conn 


lying in the sinu 


condition of these membranous nas 
suCCESS Lhe method wa mp i, but t «of 
execution. It consisted in first rem the brain ent 
out the tissue through the foramen ma m t 
the parietal bon flexib rubb catheter t 
superior cerebral vein in th ise of the d ' ' ' 
ugular when the human sku vas used \ 
parictal bone connected proper vith a m 1 t 
Phe experiments of this character made u 


not successful owing mainly to the fact that the skulls were obtained 
from cadavers used in the dissecting room, and the dura mater was 
so altered as to strip away easily from the bone. In the human skull 
also there is very great difficulty in getting the catheter through the 
internal jugular into the transverse sinus owing to the curvature of 
the channel. In the dog’s skull the main difficulty lies in the fact 
that the transverse sinus throughout most of its extent lies in thi 
bone, only a small portion of it near the torcular having a membra 
nous wall. In other animals, such as the calf and sheep, the transvers« 
sinuses have bony walls throughout their entire coursé Another 
difficulty consists in the fact that the openings of the cerebral veins 
into the sinuses, particularly into the superior longitudina 
protected by dura mater so as to remain patent after washing out 
the brain, and thus make a free channel of communication between 
the skull cavity and the system of sinuses. This difficulty can be 
obviated by trephining into the torcular and closing off the sinuses 
with the exception of the transverse sinus used in the experiment 
Still another obstacle is found in the fact that water will filter through, 
the dura mater under high pressures, but the rise of pressure in the 
sinuses thus produced is gradual and quite different from the sudden 
rise which would occur if the walls of the sinus were compressed by 
a quick increase of pressure in the skull cavity. 

In one experiment of this kind made upon the dog’s skull — and 
in which subsequent dissection showed that the bag upon the end 


the catheter lay properly in the membranous portion of the sinus, 


as found that an increase in pressure within the skull up to 
500mm. of mercury caused not the slightest change in the level 
of the manometer connected with the catheter. This experiment 


seemed to show quite positively that the membranous walls of thi 


transverse sinus cannot be compressed by intracranial pressures as 
high as 500mm. of mercury. Unfortunately corroborative results 
could not be obtained upon the more favorable human skull owing 
to lack of appropriate material. But to the author's mind at least 
the anatomical structure of the sinuses and the physical character- 
istics of their walls are sufficiently conclusive in showing that normal 
or supra-normal variations in intracranial pressure cannot affect the 
calibre of these channels, particularly when we remember that thx 
system of cerebral veins opening into the sinuses offers a relatively 


+ 


very low resistance to compression. As between the cerebral veins 


and the cerebral capillaries the lower internal pressure prevailing 


Tligh Arti r/ / SSUES UPON 7. 


within the former would seem to ensure that 
cranial pressure must attect th ns first 
With every increase in arterial pr thes Lt 
expansion of the cerebral artes b 
when a corresponding amount of { 
the substance of the brain itself bei yract 
\ clearer understanding of t } t 
authors to belicve that room f i ( an t 
is made in one of two ways, either by forcing out the ce ) 
liquid into the spinal cavity, or by a corresponding compre { 
the cerebral veins With regard to t former of t t 
tics exact ( nec icking of t 
sate for arterial expansion, but the facts i1 
to indicate that it plays a min art 1] 
the fact that normally the quant f t ) 


arachnoid spaces is verv small. and that 


this is expressed into the spinal canal, whet 
expansion of the vertebral ligaments and the p yi lit f 
through the sheaths of the spinal net With af 
arterial pressure expansion becom: 1 
corresponding compression on the venou de, at 
this compression should affect first the smaller cerebi 

Phat compression of thes ns happet n before the ¢ 
spinal liquid is entirely expressed ms to be pr 1 by 
rence of a pulse in the cerebral veins coincident with t rte 1) 
Chis venous pulse has been noticed by a number of aut 
also observed and recorded it a numb t roth int 
from the superior cerebral veins and from the % iw i 
would seem that this pulse can be accounted tor in ot { t 
only. It is caused by a wave of pressure transmitted tl 
capillaries, or it results from a compre m of tl ns f 


I 
upon arterial expansion In the former ca t] 
measurable interval between the time of appearan of t 0 
the circle of Willis and in the etterent n nt itt 
pulse should be practically simultane: n tl rt 
To determine this point IT have mad multan 
pulse in the arteries and vein Phe arteria 
the circle of Willis by means of a Hurthle spring manometer « nect 
with the head end of the internal carotid; the ven p 


recorded by a ¢ 
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a Hurthle membrane manometer and connected with the torcular 
Herophili. This connection was made by means of a brass tube 
screwed into a trephine hole made into the torcular and filled with 
sodium carbonate solution 

A specimen of the record thus obtained is given in the accompany- 


ing illustration. 


It was found that the two pulse waves occurred nearly simulta 


neously, and that in cases in which any difference in time was detectabk 
the venous pulse slightly preceded the arterial pulse, the maximum 
difference in extreme cases being as much as 0.01 of a second Th 

difference is sufficiently accounted for by the stretch of elastic artery 


(internal carotid) extending from the circle of Willis to the point in 


the neck where the arterial manometer was inserted. These experi- 
ments seem to indicate that the venous pulse is not transmitted through 
the capillaries, but is due to a positive wave of pressure transmitted 
through the brain substance by the expanding arteries. ‘This bein 


the case it follows a fortiord that a greater general expansion of thi 
arteries of the brain following upon a large rise of arterial pressure 
should be accompanied by a corresponding compression of the vein 


This is the view that Grashey and others have taken, and that has led 


them to the apparently logical conclusion that a large rise of arterial 
pressure should result in a compression of the veins sufficient to 
occlude them temporarily and thus diminish the volume of the blood 
flow The experiments recorded in this paper, however, show that 
this conclusion is not justifiable. The venous outflow is not impeded 
even temporarily by a sudden rise of arterial pressure as great as 
500mm. of mercury. It remains for us to explain therefore this 
apparent discrepancy. 


Granting fully that expansion of the arteries causes at once a rise 


of intracranial pressure sufficient to compress the veins, the fact that 


the blood-flow is not thereby momentarily impeded may be explained 


] : Simultaneous re rd of t pulse wave in t t lar and the f Willis 
t 1 t inte Ll carot | pp irve the pul nt t lar, ' 
| 


an 


by two con le ation In t] first pla 1) rl { 
total cross area of th that of th | 
pamsion of the arte: mpal lb 
compression of th ems, Lis list ted 
ection and result in a relat maller d tion 
singl n Phis consideration int ft 
more important, perhaps, by the t that th { { 
termination, namely, thr n prot t ! 
pression Phe narrovwin of thre { 
relatively vide area of the sma 1 th { tort 
pression of the ns must ial the total expat { 
stems, the nar ne of the 1 n chan t 
ently too slight to percept obstruction to t ly 
In the second pla th 1) ft t 
under increasing pt t t t 
bility for muscular t 
for increasing increment f pl \s 1 
Increases, thereto expan OF 4 
of tubes, and the on of t 
less important Phi conside 
actual usion of th ns, 
bly «ox r, and th CX] o, perl t 
perceptible momentary. blocki { 
under normal and experimenta ndition 
\s to the permanent ettects of terial t 
ance to the flow in th \ hist t 
clearly that even tho 1 the com nn 
to bring about a mai tance tot { 
: only be temporary, inasmuch the 1 of static p 
Cap lay and 1) 1) b 1) t] t 1 
expand th n 1) I 
langvua is 1) t 
patent, becau urt pt re transmitted 
oreater than arterial re minus the t 
tran mitted thi h tl Ly a) bstar | { 
admits that “if the « rte len] 
certain) limit, pro of temporay f-strar 
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produced.” This conclusion, as I understand it, is based entirely) 
upon theoretical grounds, and my experiments show that it is not 
correct, if it is assumed that the arterial expansion results from a ris 
of intravascular pressure. 

Phe general conclusion, which seems to me to follow from. the 


experiments given in this paper, is that @ rise of pressure, how 
rreat, in the cercbral arterics docs not cause directly any impediment to 
the blood-flow cither temporarily or permanently, The circulation in thi 
brain behaves in thts respect precisely as tt does tit the other organs of 
the body; the greater the arterial pressure the more abundant is the flow 
f blood, and temporary anemia cannot be produced in this way. 

If it is found experimentally that a sudden great rise of arterial 
} 


pressure Causes an injurious effect upon the brain, this result cannot 


be attributed to the direct production of a temporary cerebral anamia 
We can imagine that under these conditions the functional activity of 
the brain might be interfered with for one of two reasons. It is pos 
sible, in the first place, that the resulting rise of intracranial pressure 


might affect the brain tissues directly; or, secondly, a rapid accumu 


lation of lymph might take place within the brain, which, fora time, 


would impede the blood-flow, particularly after arterial pressure had 


HIS 1atlel 


again fallen There is not much probability, however, that t 
effect could occur. Bergmann ® found that injecting defibrinated blood 
at high pressures (800-1200 mm. Hg.) into the cerebral vessels of 
a horse caused no distinct increase in the lymph-flow, and several 


observers have shown that in other organs arterial hyperemia alone 


is not necessarily followed by an increased formation of lymph. 
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THE RECOVERY OF THI HEART FROM FIBRILLARY 
CONTRACTIONS 
\\ 
i ‘ i i ai 
| Hl. earlicr experimenters on the coronary a ! 
apparently fundamental ditterence bet nt { 
the rabbit's heart Lhe heart of the rabbit is) four 
easily from fibrillary contractions brought on by th { 
a large coronary artery, by mechanical injus trica { 
tion; but the dog’s heart n r rece { ntan 
attemyp al is Lal ( ( ) 
stimulation of the ventricl th sinele induction s] tat 
of the vagus. The improbability of ita ditt yet 
hearts of two nearly related animals has not been ab t { 
the failure of th efforts to 1 the d heart { that 
the heart of the rabbit and the dog a it rect. 1 
WK, has obta ned a wide acceptance 
It is somewhat stran that the belief in the fatal nat f tib 
contractions in the dog should ha b m tin 1 t { 
positive statement that 1 ( ry \ 
most ten years ago MacWilliam,? in his refutation of 
Schmev’'s hypoth that fibrillation is ca vt t ) 
of a coordinating centre located in the tntervent mtum t 
i the junction of the upper and middie thirds, wrote as t | 
i is conclusive evidence that all cases of fibrillar contraction of 1 
ventricle cannot be explained by such an hypoth { { 
tion of a coordinating centre loca deas indicated ab | fact 
that recoverv may take placc that the vents 
coordinated rhythm, controverts the idea of th ictual « t t | 
a centre essential for ce dinat n Such 1 ( ! | tn 
\\ 
Phe liter re of this s t \ 
XV, Journ, of exper. 1 
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in several instances in the dog’s heart and in a very lar: 


instances in the hearts of other animals (cat, rabbit, rat, 
hog and fowl). Recovery occurs with different degre: 


ditterent animals and in different conditions in the sam 


ce number 


\ 


WiMal 
the dog, recovery occurs with much difficulty and only after 
fibrillar contraction has lasted for a considerable space of tin 
indecd, there very frequently is no recovery apparent the vent 
may not recommence beating after the incobrdinated ring m 
ment has ceased At times, however, a number of re ir beat 
seen after the termination of the fibrillar contraction In v 
mammals, foetal or after birth, recovery appears to be the rul 
fibrillar movement is only a temporary condition, and soon 
place to normal beats” (p. 299) 

Phe neglect of MacWilliam’s observations by many sub 
writers is perhaps to be explained by their tacit assumption t 
fibrillary contractions produced by clectrical excitation, — the a 
used by MacWilliam for their production, — are not the same as th 
yought on by mechanical injury or by suddenly cutting off the b 

ipply, so that recovery from the former does not ne ily pr 
the p bility of recovery from the latter Phe exp nents 
to be described will show that tl issumption has no foundation 
that the heart of the dog recovers frem_ fib irv. contraction 
dl din any of these ways it ts t that recovery much n 
( vy obtained in the rabbit than in the dog, but the diff n 
m « het vith re rd to recovery from 
contractions, no essential ditference between the rabbits h t 
tl dl s heart 

In pondering the cause of fail » the manv p ( ittempt 
1 scitate the heart, the following considerations becam nin 
| known that the continued coordinated contractions of the m 
malian heart are impossible in the absence of a supply of bl 
the cardiac muscle It is also known that fib ition a ne fi 

hatever ca must, bv arresting the heart, cut off what has al 
been considered the only source of blood-supply to the car 
muscle, namely, the circulation through the coronary arte 
restoration of the circulation through the coronary artet \ 
eem, therefore, to be essential to the restoration of continued 
ordinated contractions; yet restoring the coronary rculation 
means of treatment that has thus far never been tried Phe metl 
of attack, then, should be to maintain an artificial circulation 
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William, as ready been said, sa nt 
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important to 1 very? An answer to t 
first of tab } that t 1 
coronary. arte! 
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obtained from the interior of the right ventricle through the vessels 
of Thebesius. The ventricle is tied firmly around a glass tube intro- 


below 


duced through the pulmonary artery, the ligature passin; 
the auriculo-ventricular furrow and closing both veins and arteries 

Defibrinated cat's blood is then poured into the tube until the ven 

tricle is full and the blood stands in the tube at a height of one or 

two inches. The right ventricle will now begin to beat, and, if one of 
the coronary veins on the surface of the heart is incised, a slight but 
constant stream of blood will flow from the interior of the ventrick 

through the foramina Thebesii into the coronary veins and out of the 

opening on the surface of the ventricle. The blood becomes venous 
in its course through the heart walls. It has never been seen to 
enter the coronary arteries. Only that ventricle into which the blood 
is introduced has been observed to beat; the other ventricle remains 
inactive. Ringer’s solution fails to maintain contractions. cA ven- 
tricle that has fibrillated violently on the excision of the heart will 
often resume its coordinated contractions when a circulation is 
established in this manner through the vessels of Thebesius. ‘Thus 
the nutrition of the mammalian heart may be maintained in a degre 

sufficient for long-continued, rhythmic contractions, while the coro 

nary arteries are empty. 

It should be observed that the state of the ventricle during fibrilla 
tion favors this mode of nutrition. Measurements taken in the left 
ventricle show that the intracardiac pressure rises at this time.! The 
heart becomes greatly distended. Meanwhile, the pressure in the 
aorta has fallen very low, the ventricle having ceased to beat, and, in 
consequence, the pressure in the coronary vessels is also very low. 
Hence the passage of the blood through the vessels of Thebesius into 
th coronary veins is doubly aided: on the one hand, by the rela- 
tively high pressure in the ventricle; on the other, by the diminished 
resistance in the coronary vessels. In the excised heart of the cat, 
an intraventricular pressure of two inches of blood will drive a con 
stant stream through the vessels of Thebesius into the coronary 
veins, as has been already demonstrated, and the intraventricular 
pressure during fibrillation is probably greater than two inches of 
blood. 

It should be noted further that the peripheral resistance against 
which the ventricle must work as it recovers from fibrillation 1s 


almost nothing, the arterial pressure having been enormously reduced 
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by the arrest of the ventricl Thus the heart { 
fibrillary contractions and the heart removed from ir ’ 
much alike in respect to the resistance a 1 t 
works \ difference in this resista cannot, t 
against the con on that the b y 
lated heart in rhythmic contraction port 
tricle until it can re-establish the circulation 1 ( 
irterics 

This same investigation has 1 ied vet anot 
heart muscle may be nourished without the a { 
ric On June 26, 1897, a cannula was t te { 
coronary sinus of the freshly extirpated heart of a { 
defibrinated cat's blood to a hi ht of about 4 ( 
regular, and complete contractions then began | 
from the coronary veins through the f t 
vessels of Thebs ind then ito tl ft 
ing during its passa from arterial to 1 N ) 
served to enter the arteri Phe contra vere 
renewing the blood in the cannula Nn time tot \ft 
five minutes the heart fell into pronout 1 fibrillation | 
later the coordinated contractions were resumed, and ntin 
occasional pauses during almost half an hour \vain interrupt 
fibrillation, they again returned, and both tibrillation 
were recorded graphically by a writing-lever att to t 
After several such attacks and recovet the heart be t 
and would beat no more. 

The distension of the right auricle during fit ition 
favorable to the nutrition of the heart through the « 
than is the distention of the ventricles and auric] to tl nut 
through the vessels of Thebs for the « nary \ 
Its \ lve are veal fa n bacl Det th pre ras 
of blood and opening thus an ample way to vascular areas that 
not, indeed, be trulv capillarv, but ar none the omp ‘ { 
vessels thin-walled cnough to permit of nutrient osmo ( 
should the extirpated heart beat for hours when fed in tl na 
and why should the blood that ent t path artes red 
venous blue ? 

It is therefore a mistake to suppose that the f 1 ft t 


muscle is wholly interrupted by the failure of the circulation int 


coronary arteries during fibrillation of the vents \ nificant 


Recover of the Heart Ayillary ( aACT. 
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supply is still possible. Usually this endocardiac nutrition, if I may 
term it so, falls below the required amount, and fibrillation continues 
to the end. In some instances, however, the endocardiac nutrition is 


sufficient, and the coordinated beat returns But these unassisted 
ll that we at present know seems t 


i 


recoveries are very rare, and a 
point to the advantage of liberally supplying the distracted muscl 
with defibrinated blood. 

An artificial circulation of defibrinated blood through the coronary 
irteries of the fibrillating dog's heart was therefore established. My) 
method of experiment was as follows: The animals were fully anars 
thetized with morphia and ether, tracheotomized, the heart and blo 


vessels exposed by the resection of the first five ribs on the left, and 


the first three ribs on the right side, and a cannula placed in the 


ubclavian artery. The innominate artery was then ligated, and run 
ning nooses put around the aorta, just distal to the left subclavian 
arterv, and around the ramus descendens and ramus circumflexus of 
the left coronary artery, near their origin Phe cannula in the sub 
clavian artery was connected to a Mariotte’s flask of warmed detfib: 

nated sheep or ox blood, placed high cnough t ive a pressure of 
100 mm. HH n the aorta. All being in readin: the nooses a } 

H oronary arteri e drawn tight, until the heart fell into. fib 

contractions t s were then freed, the noose around 
the aorta drawn tight, the stop-cock between the subclavian artery and 
the blood flask opened, and a larg: iss tube hastily tied into th 

pulmonary artery Phe effect of these procedures was to cause thi 


aorta to fill with sheep's blood at a pressure of 100 mm. II 


the semilunar valves being thereby tightly closed, and, every t 

but the coronary vessels being also closed, the blood passed thi 

the coronary \ els into the right heart, whence escaped out of th 
yulmonary artery into a dish Chis blood was then beaten with 


lass rod, filtered through elass wool, shaken wi 


it, and replaced in the Martotte’s flask. 


eight of these experiments were performed,! the first on March 7, 


[896, and the last on April 23, 1896. The results were interestin 

but not decis Phe character of the fibrillation was alwavs mod 

fied by the makine of the artificial circulation throu the walls of 

the heart The little contraction waves which cover the actively 

fibrillating heart were replaced by large undulations. In the experi 
1 These experi! ts were done with the assistan of Mr. W. ‘Tileston at \I 


; 
| air tO OxXVgeen tc | 
E. DeW. Wales 


t 
at times almost fre il ()n tl] vhe 
the ventricics were often on the p t of 
contractions, but never altogether « Yet it 
ment that they would relv beat 
Che hope of ultimat rT vas st { lb 
aging observation The first was t 
effort to restore « rdinated ntractions to t 
Thus, in one t hea bevan 
the defibrinated blood wa nn 4 ‘ 
iter th au vhich it ) ) 
the rest of the heart, began to beat in an app 
ion Phe second en ravin cum that « 
though rarely, a part of th nt ( { { 
regular manner, wh t remainder of th rt t 
contusion The part h 1 th contracted 
right ventricle near the o1 r of the p nonar t | t 


tions appeared 215 s« lt the clo of 

Phe defibrinated blood was turned on, and in a t t { 
which 1 embled feeble normal contraction , rift 

utes after the beginning of fibrillation, the stop et t 
blood reservoir and the aorta was turned off, and t 


contractions took place when the heart was thus dep lof its b 
supply On restoring the circulation two minut if 

rave way, and an almost normal beat returned at % ! 
minutes the circulation was again interrupted, and tumultuo 
tion again appeared, thus showing that tl imount of tib it 


While the experiments just described were making, oth 


tions,’ on the tsolated heart of the cat, afforded fi ent yort 
nitics to observe the easy recovery \ »the heart of that 
] ] ] \ 
make from fibrillation of long « 1 When { 
the cat is fed through the coronary ‘ th defibrinat 
blood, the ventrick usually beat in a fairly normal fa () 


1 MAGRKATH and KENNEDY: Journ. of exper. m 18K 


Recovery of the Heart from livbrillary ( 
/ 
obser ition Was mad \pril I 3 | 
through the coronary arteri iddenly chee) \ t fibr 
atfected by the blood-supply But notwithstandi 
I signs that su was near at hand, no further p 
this time, and it was decided to wait until ci stan na t 
sible to feed the do heart with di b 
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sionally, however, strong fibrillation sets in, very fatal to the hopes of 
the inexperienced operator. But if the experiment is faithfully con- 
tinued, and the defibrinated blood kept flowing through the coronary 
vessels, the apparently hopeless ventricle often springs suddenly from 
its “delirium” into firm, coordinated beats. In one of the experi 
ments published by Magrath and Kennedy, a cat's heart showed 
marked fibrillary contractions during forty-five minutes and then fell 


into re¢ 


sular, normal contractions, which continued more than an hour. 
It was difficult to believe that a disturbance often so transitory in the 
cat's heart should be always irrevocably fatal ia the dog. 

The recovery of the dog's ventricle from fibrillary contractions 
was finally accomplished during the experiments! which led to my 
discovery that any portion of the extirpated dog's heart, even the 

vanglion-free apex,” will usually resume its coordinated contrac- 
tions when fed with the dog’s own blood at the proper temperature 
and pressure. 

On March 27, 1897, a dog weighing 10 kilogrammes, anasthetized 
with morphia and ether, was bled from the left carotid artery, and the 
blood whipped, strained through glass wool, and diluted with an 
equal volume of 0.8% normal saline solution. Normal saline of the 
same strength, made with tap water, and having a temperature of 


about 36 C., was meanwhile allowed to flow into the right jugular 


vein. After a short interval the dog was again bled from the carotid 
artery. The product of these bleedings was mixed and placed in a 
reservoir at the temperature of the body. The heart was now extir- 


pated, a cannula tied into the ramus descendens of the left coronary 
artery, the interventricular septum and the auricles completely cut 
away, and all the ventricle removed except that portion supplicd by 
the descendens itself. The cannula was then connected to the reser- 
voir of warm blood mixture, and the piece of ventricle perfused with 
the blood at a constant pressure, which to begin with was about 30 
mm. He., but which was afterwards raised to go mm. Hg. The blood 
entering the cannula was bright arterial red; that emerging by the 
coronary vein was venous blue. In a few moments the ventricle 
began to beat with great vigor, shortening about seven millimetres in 
vertical diameter. An ordinary muscle lever, magnifying eight times, 
and weighted with 40 grammes, was fastened to a hook thrust through 
the apex, and recorded curves about 50 mm. in height. The curves 


showed some irregularity both in force and frequency. The ventricle 


1 PORTER: Journ. of exper. med., 1897, ii, pp. 391-404. 
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beat more rapidly when surrounded with blood at the temp 


the body than at room temperature, but the character of 

tions remained unchanged \t 1 P.M... after writing cur { 
hour, the ventricle was thrown into tibrillar mtractions b 

its surface with the clectrodes of a du Bots-Revmon 

(tetanic stimulation). Five minut iter coordinat 
tions returned Forty minutes thereafter th nti 


second time into fibrillary contractions, from which 


feeble, but still unmistakably coordinated 


On March 29, 1897, a similar experiment was ma 


recovered from. thre without a tance, n = 


and most of the left ventricle and all of th 
septum, except a fringe near the ramus descendens of th ft 
nary artery, were cut away During the cutting of tl 


fibrillation appeared. \ part of the right ventric] On 


vessel for nearly an hour without a pause in its ceasel fib: 
but finally a brief series of completely coordinated ntra 


obs« rv d. 


part of the left ventricle (« 
through its coronary artery. The picce thus extirpated 1omm 
in length. When good coordinated beats were secur ap rf 
induction current was applied, throwing the perfused ap nto 
fibrillation. Recovery took place in a few nd Phe current 
Was at one time so strong as to burn the heart at the cleetrode point 
The apex was now laid on one side in a beaker of blood \ft 


about an hour, the apex was again perfused, and well c¢ 


Iwo and three quarter hou ifter tl nt n t 
experiment was broken oft Uh ontraction yy this t 
When the heart was rem d from the body and t ; 
] ] ] ] + ] 4, } ] ‘ 
the whole Neart fell into fib contra 
beats; the apex recovered on being fed with tl tibrinat 
from the same dog, through a branch of th ndet : 
was then thrown into fibrillation by strokin t with tl t 
a du Bots-Reymond inductorium (hammer in action), but 
speedily even when very stron urrent 
The following day the heart of a do iS ret | from t t 
spontaneously from this, giving a few full oordinated beat 
On the afternoon of this day, in another heart, the part of t] ft 
ventricle supplied by the ramus d nder is fed t 
April §, 1997, a still more remarkable rece ry is n 


So W. 7. Porter. 


but feeble contractions secured. Fibrillation was now easily produced 
with the induction current and continued a long time, but recovery 
at last took plac e. 

linally, in two cases, -—— the only ones in cardiac literature, so far as 
I am aware, —the dog's right ventricle fibrillated on its removal from 
the body, and yet, a moment later, unfed and undistended, gave a few 


coordinated beats. Continued contraction is of course impossible to 


the ventricle of the dog without a constant supply of nutrient material 
with which to replenish its rapidly impoverished intramoleculat 
stores 


Phe experiments thus far related show that the cat's heart recovers 


adily from fibrillary contractions when the cardiac muscle is fed 
vith the cat's own blood, and that various portions of the dog’s heart, 


— for example, the auricle, the ventricle, and large parts removed 


from the ventricl will recover if fed with dog’s blood; and they 
bring two cases of unassisted recovery, in which the dog's right 


ventricle, thrown into fibrillation by the extirpation of the heart, gave 


spontaneously, without perfusion of its coronary vessels, a few regular, 


coordinated contraction They do not include any instance in which 
the whole dog’s heart was recovered from fibrillation; but this is not 


to be wondered at, for the experiments in which the recovery of the 


whole heart was attempted were made with sheep or ox blood brought 


from the slaughter-house, and it is well known that such blood is 


injurious to the heart of the dos I hesitated some time before 
attempting the recovery of the whole heart by the perfusion of dog's 
blood, for it was certain that two dogs would have to be used for cach 
experiment in order to get sufficient blood for the satisfactory per- 
fusion of the entire heart, and it was possible that many animals 
would be sacrificed to technical difficulties before a successful result 
could be reached. Moreover, additional experiments scemed un 
necessary, for if the auricle and ventricle recover when separated, 


t 


hey should recover when left in their normal connection. This re 


luctance was strengthened by two preliminary trials, in each of which 


the whole dog’s heart was fed with dog's blood, but without avail, 
owing to slight imperfections in method. It was therefore resolved 
to stop the fibrillation, if possible, before attempting to feed the 
heart muscle, in the hope that codrdinated contractions would return 
if the perfusion was made after every trace of disordered contraction 


had disappeared. The entire success of this plan is shown by the 


following experiments. 


Recovery of the Heart from fibrillary Contract 
gain, and the bl defibrinat nd ced 
temperature of the body. | rt of ‘ ‘ 
morphia and ether, was then expo 1 
Cannul Were placed in the mno it rte! t puln ! { 
the tw rie | cann n the innominat rterv W 
the pressure-tlask, and sup] t coronary. arter with | , wi 
fter passing through t rt mus from t 
in t pulmonary arterv and A “ 
b lores thr 1g ( ronary \ rt. W | 
to beat wh the preparations wer king, b to contrac r, 
normal way Fibrillation of bot Irie nal 
bv stim tins I ntr T ] \ rru i ( rr 
from lu Bois-Revn nductorium. re 
coordinated ¢ ntr tions. | it t ( nt ] | 
on t ventricle gave temperatur f 22 | 26-4 
allowed to flow through the coronary arte! | \ rt t 
to b it Lhe ( ntraction Wer | uit I i 
morphl nd ether, w pertused with warm fibrinat | ] 
th ] receqd ne X] if 1) nt. Lhe { rt be t ry We 
began. Fibrillation w now brought t tion. | 
fusion was then stopped, and iced salin ition I rt r 
Ul movement had ceased. On again perfusing t rt wit t ( 
| began. After tl trong and regular beating had | vat for 
time, fibrillation w gain induced, and t rt for 
But pertusion was this time recommenced betore t t tr ! ( 
The result of t premature action w t retur f fi r t 
tions in full force. ‘Twie vain t rt w for 
‘ fibrillation had wholly « ed. wit thre ! ! | t t 
bath was given, and this time pert t | til t 
Lhe eart now beat in norm for t the « 
| tions being very forcible and complet Ol ted, 
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Thus the whole dog’s heart can be recovered from fibrillary con 
tractions by cooling the ventricles until all trace of fibrillation has dis- 


appeared, and then bringing the heart back to the normal temperature 


by circulating warmed defibrinated blood through the coronary ves- 
sels. Doubtless the whole heart of the dog, like the auricles and 
ventricles, and like the heart of the cat and the rabbit, can also be 
recovered by persistent feeding with defibrinated blood at normal 
temperature and pressure, and, in very rare cases, by endocardia 
nutrition through the vessels of Thebesius and the coronary veins, 
but further experiments would only confirm the statements contained 
in these pages. The thesis with which this Paper began has been 
sufficiently demonstrated. In respect of recovery’ from fibrillary con- 


tractions, there is no essential difference between the hearts of thi 


rabbit, the cat, and the dog. 


NOTES ON THE ELIMINATION 


by HORATIO C. WOOD, J M. ID 


strontium salts and their climination appea t ) 


|* C. Wood's Therapeutics it affirmed that tl ibsorpt 
the t 


the only exact chemical studies of the matter \ b 

to find are those of Laborde, Compte rendu de la Societe de biol 
Paris, 9 s., 1890, vol pp. 453 and and 
one of Labord« experiment in amount t 
suficient to represent 117 gm. of the meta tront 

tered to a dog by the mouth in th rT ft Sada in 

vas found in the urine, faec bon ind ! Ina 
ment, the tartrate having been en in such quantity t ep 
153 om. of the metallic strontium, that bstan isa 

in the urine, bones, and liver, but was esp yun { t 
feces In a third experiment, strontium p 

295 om. of the metal was enin rit day n t 
only unweighable traces were found, — from the bon 

0.63 om. of the metal except in regard to the bon nt 


experiment mentioned, Dr. Laborde do not report any at 


weighed metal obtained 


These experiments of Labord lo not p that t 
rapidly absorbed or climinated, b only that it ib by t 
extent and slowly rather than rapidly thrown. off 
of obtaining more exact data IT have made tv xperiment , 
method of separating the strontium, for which | am indebted to | 


fessor John Marsh: 


OF STRONTIUM 
z 
tof 
residue incinerated until the orgat matter w ‘ tt 
residue was warmed wit nity ‘ , thre tion 1 wit ter 
the filtrate nearly neutral wit It 
bonat dded in ene | b 
collected on a filter paper thor \ | ! 
i the solution then diluted with water. To 1 


chloride was added and the solution nearly neutralized with sodium carbon 


ate. The liquid Was boiled, and filtered while hot to remove the triferri: 
phosphate and basic ferric acetate which had separated. Lhe filtrate was 


eVapor ited to drvness on a water-bath, and the residue rep itedly treated 
with nitric acid, evaporating the solution to dryness atter each addition of 
nitric acid to convert the calcium and strontium present into nitrates. ‘The 


dry residue was pulverized and treated with a mixture of strong alcohol and 


ether tu separate ¢ ilcium nitrate from strontium nitrate. lh residue remain 


ing after treatment with strong alcohol and ether was tested by means of the 
fame test for strontium, and wherever the quantity of residue remaining 
indicated a weighable quantity of strontium the residue was dissolved in 


small quantity of water and the strontium precipitated by the addition 
dilute sulphuric acid. In such cases the liquid was permitted to stand 12 
hours, when the precipitate of strontium sulphate was collected on a filter 


paper, washed with a mixture of alcohol and ether, dried, incinerat 


Che first experiment was upon myself. In it I took by the mouth 
grammes of strontium lactate (Sr(C.H;O,).) representing 1.89 
crammes of metallic strontium The urine and faeces were collected 


separately for forty-eight hours. The result may be presented con- 


veniently in a tabular form as follows: 


ioa.n Urine contains a trace of Sr. 


conta 223 om. metallic S1 
? n. No strontium i rine 

10 p 

Third da 

Faces contain 503 gm metal] 


Unfortunately the faeces were not saved after the third day, but it 
will be noted that during the forty-cight hours after the ingestion of 
an amount of strontium lactate representing 1.89 grammes of thx 


strontium, 0.1706 gramme of the strontium was recovered from the 


feces, equalling about 10 per cent of the amount ingested, whilst 


only a trace was found in the urine. This result is capable of several 


explanations; it is possible that the strontium is not absorbed and ; 


very slowly passes out from the alimentary canal, owing to its weight 


weighed.” 
lirst day 
ga.m. Ingestion of 3 gm. strontium lactate. 
Second day 
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i ne { to « n t 4 1¢ 1) ) 
more iV ab cad in 
reat slowne itter col 
ib] n th face of th fact that t 
the urin thin twenty-four ho If ab 
the case. certainly ther rould been 
urine on the second as on the first d f 
the discharge of strontium with t { 


upon an elimination of absorbed strontium by th 


membrane 


fo determine whether such elimination 
second experiment was mad n this a sma 
dermic injection of 3 grammes of strontium lactat 
Phe urine and feces were separately collected for 72 
fully examined by the ly ) 


The experiment just recorded that stront 
dermically, if absorbed at. all nly ninat th t 
slownes and demonstrates that th trontium 
from the bowel in the first experiment h t been { 
the bow but had remained unab bed. \ t ' 
Marshall probable that when th trontium salt { 1 b 
mouth absorption takes place to nat tent t ton { 
that portion of the salt which « ip nto th test 
into an insoluble phosphate It \ probable that t 
uice of the ti es largely brea » tl trontium t 
ibsorption from the cellular t 1 
further plausible conclusion that th trontiut ilts t 
intestine like the bismuth salt ( ) 
thev exert a persistent local influen in exp { 
which is in accord th the clinical fact which has b t 


especially by Professor H. ( Wood, that th tront 
a marked influence u 


] 
canal 
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THE NUTRITION OF THE HEART THROUGH THE 
VESSELS OF THEBESIUS AND THE 
CORONARY VEINS.! 


py PRAT. 


oa beliefs of the present day are more firmly intrenched than 

that of the total dependence of the mammalian heart upon the 
coronary arteries. We are taught that without the blood brought by 
these vessels the long-continued, rhythmic contractions of the cardiac 
muscle are impossible. Such is the foundation on which rest in larg. 
part the prevailing ideas of infarction in the heart, with all the train 
of evil consequences believed to follow the embolism and throm 
bosis of the coronary arteries. It is my purpose to show that this 
doctrine is not absolute. The long-contracting, rhythmic heart is 
not wholly dependent upon the coronary arteries for its food supply ; 
on the contrary, the -heart will beat for hours while its arteries are 
empty. There are two ways in which the heart muscle may thus be 
nourished: the first, through the vessels of Thebesius, which open 
from the ventricles and auricles into a system of fine branches com- 
municating with the cardiac capillaries; the second, through the 
coronary veins, which may convey a backward flow of blood from 
the auricle into the tissues of the heart. 

So far as I have been able to determine, no experimental physio- 
logical work has ever before be en done on the Ve ssels of The besius; 
all opinion regarding their functional importance has rested upon the 
assumption that they serve only as veins, conveying a part of the 
venous blood from the coronary capillaries through the foramina 


Thebesii into the cavities of the heart. The question, too, of the 


nutritive significance of regurgitation from the auricle into the 
coronary veins has not apparently at any time been the object of 
investigation. 
The first account of these experiments was given to the American Physio- 
logical Society in May, 1897 (see Science, June tf, 1897). © The subject was pre 


sented also to the Boston Society of Medical Sciences, June 1, 1897, and to the 


British Association for the Advancement of Science, Toronto, August, 1897 


From the Laboratory of Physi vin the Harvard Medical Schooi 
| 


I:ndocardiac Nutrition 


following pages will present an historical sketch of 


of the vessels of Thebesius, anda record of my own anatom 
of these vessels and of the coronary Veins i deta che t 
experim« nts on the nutrition of the heart through th t | 
besius and the coronary veins will follow; and, fina 

deavor to show that these forms of nutrition afford a rea 
explanation of the recovery of the heart from fibrillary « 

and from acute distentions leading to arrest, and of th 

fact that hearts may work for years in spite of the a 


obstruction of their arteries by advanced arterio- 


I THe ANATOMY OF THE VESSELS OF THEI 


The Vessels of Thebesius. Phe discovery of the foramina 
is credited to Vicussens;! but we owe the first a 
tion of them to Thebesius whose valuabl 
sanguints tn corde, was published by A. Elzevier in 1708. N 
fifty years later we find Haller® describing * still mor md 1 
smaller, veins in the heart, whose little trunks, bein 
not easily be traced by dissection; and these open themscl 
infinite number of oblique small mouths, through all the num 
sinuosities observable on the surface of the right and left ven 
These are demonstrated by injections of water, wind, or n 
pushed into the coronary arteries, after you have first ticd their « 


sponding or accompanying coronary vein or even into th reat 


coronary veins, alter you have first interc ptea the openin ot 
largest trunks. For, in either of these cases, there are drop 


tinctured water, bubbles of air, spherules of mercury, 1 
through the whole extends dl urfaces of both ventricl of the |] Tt 
and this, without any violence that can be supposed sufficient to b 
the vessels. But the passage from the arteries into the cavit 
left side is more difficult.” Notwithstanding t 


the existence of the vessels remained for many yea i subject of 


pute. Thus Abernethy? carly in the present century, com 


VIEUSSENS: Nouvelles découverts r le cur: 1706 


Elementa Physiolog. Lausanne, 1757 


"THERESIUS De circulo sang is in corde Leicde 
HALLE! First lines of physiology: Eng] tra tic | 
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1 ABERNETHY 


he 
CORONARY VEIN 
hilosophical Transact London, 1798, p. 1 
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on the perplexities of his predecessors, pointed out that even Haller, 
Senac, and Zinn were sometimes unable to discover the foramina, and 
were led to suspect that their apparently successful injections really 
ruptured the vessels and forced a way through false passages into th 
cavities of the heart. Abernethy himself made many injections, fillin 
the arteries and veins with wax of different colors. He convinced him 
self that the foramina actually existed; and that they belonged mor 
over to both the arteries and the veins, because * the injection which 
was employed was too coarse to pass from one set of vessels to the 
other, and yet the different coloured injections passed into the cavities 
of the heart unmixed.” His conclusion that some of the foramina 
communicate with coronary arteries is, | think, hardly to be accepted 
in the light of other observations. It is probable that in his ex 
periments also extravasations took place from the arteries into thi 
ventricles 

Bochdalek,! in 1868, published the results of observations on the fo 
ramina Vhebesii of the auricles. He found in both auricles the mouths 
of small vessels. Many of these openings presented the appearance of 
blind depressions, since they were often covered with single valves in 
such a way as to resist investigation with the blowpipe When lh 
-succeeded in introducing an injection-mass or a blast of air into a fora- 
men, superficial, ramifying vessels were demonstrated, the injection of 


which often showed a connection with other foramina in the sam 


auricle, or even in that of the other side. The foramina varied con 
siderably both in number and in size; some were round and sm 
others were slit-like, resembling the mouths of the ureters; still others 
were large, round depressions, with smaller openings at the bottom. 
Asa result of his observations, Bochdalek concludes ** that the greater 
number of the small openings on the inner surface of the right as well 
as the left auricle, which from early times have borne the name of for 
amina Thebesii, represent the mouths of little veins that, often unitin; 
into larger vessels, course with many branches through the auricular 
walls.” 

In 1880 appeared the report of Langer’s* research on the foramina 
Thebesii of the human heart. With the aid of the blowpipe, and 
by means of a watery injection mass colored with Berlin blue, hi 
demonstrated these foramina in all the cavities of the heart. He 

BocHDALEK: Arch. f. Anat., Physiol. u. wiss. Med., Leipzig, 1868, p. 314 


2 LANGER: Sitzb. der k. Akad: der Wissensch. zu Wien, 1880, Bd. Ixxxii, 


3 \bth.. p. 25 


~ 


succeedce n in tin the \ { | { t 
coronary Vess¢ but trom the | 
dalek’s observations regarding th ) {{ 
ina Lheb vere th contirme 4 fact of 
between the coronary vessels and cach of the t { 
heart was thoroughly tablished | { min { 
on the endocardial rfaces of both t to t 
the aurick but much smaller Th t 
papillary m ind in the neighborhood of t t 

s easily seen in the 1 on of tl up t 
by the trabs ar network In tions from. tl 
showed fin nn tee t tn ! 
either at right aneles to thr face, or obliqu t fact 
thick inj on mass not pa from th 
the ventricles, and that even itery ma 
there inger con led that the foramina 1 ft t 
were not, as occasionally happens in the aur t 
cation with the coronary veins, but that they had 
capillarv areas In no case did he observe val n col t 
the foramina [Thebse of th ent 

Gad ! has 1 rded some confirmatory observat { 
of Thebesius in the ox In the method r hi ) { 
demonstrating the action of the uves of the It heart } } 
under pr made to fill the ventri ind { le not t 
water flowed into the right heart from the fora wt Lheb () 
illuminating the intertor of the left ventric ed t 
fine, blood-stained stream uing from th ne to t 
clear water with which the cavitv was f d 

Finally, Magrath and Kennedy? workin t tif 
of detibrinated blood on thi ated heart of th t ) 
small portion of the coronary blood found. it to t ft 
tricle Phe only possible source of ace: ot { 
sels of Thebesius, was leakage past the aorti i | 


manom 


as shown by a record of th wort 
occult 
Notwithstanding these painstaking observations, 1 { 
Lhebs sius st |] OCCUPV a ob 1) t 1) t 1 i 
ture Foramina Thebesit are referred to as constant in t t 
MIAGRATH d KENNEDY rn. of Ey Mi 


go Feeds. 


auricle, forming in part the mouths of small veins. Their occurrence 
in the left auricle is occasionally mentioned. But the fact that 
vessels of Thebesius open into all the chambers of the heart — ven 
tricles as well as auricles —is hardly recognized. 


The anatomical methods employed in the present study have been 
three in number; the injection of the vessels with air by means of the 
blowpipe, their injection with liquids, and the making of corrosion 
preparations. My experiments have in the main confirmed the 
results of other observers. 

Phe initial step was to demonstrate independently the fact of a 
circulation in the vessels of Thebesius. By the injection of water, 
normal saline solution, or defibrinated blood, at a constant pressure, 
I established an artificial circulation through the coronary vessels of 
the fresh, often the still living, extirpated hearts of the rabbit and 
the dog. The cannula was tied directly into a coronary artery or 
one of its branches, so that access of liquid into the heart-cavities, 
except through the endocardial foramina, was rendered impossible. 
Yet liquid constantly found its way through the vessels of Thebesius. 
Thus | was enabled to verify the results of Magrath and Kennedy 
touching these vessels. It is essential to success that the heart be 
used before rigor has set in, and that the coronary system be thor- 


by the injection of water or normal saline 


oughly washed out 
solution into the aorta. The following experiment will make the 
procedure clear. 


February 8, 1897. A dog was anesthetized with morphia and ether, and 


} 


the heart excised after contractions had ceased. lhe coronary svstem was 
rinsed with normal saline solution introduced from the aorta. ‘The systemic 
and pulmonary veins and the right coronary artery were ligated. A can 


nula was passed into the left coronary orifice from the aorta, and tied in the 


descending branch of the left coronary artery. The walls of the aorta were 


drawn close to the shank of the cannula by a ligature. ‘Two outflow tubes 


were now arranged ; one in the right ventricle through the pulmonary artery, 


the other in the left ventricle through the left auricular appendix. Normal 
saline solution colored with defibrinated blood was passed through the 


cannula under a constant pressure of 85 mm. Hg. and collected from each 
outflow tube separately. The amounts were then measured and compared. 
The quantity of the solution collected during five minutes was 400 cc. from 


the right ventricle, and 4 cc. from the left. 


After thus assuring myself that a genuine communication exists 


between the coronary vessels and the left heart, it remained to in 


fendi ardia 


quire particularly into the nature of th mmun n 
of the ox was found best suited to th Urpose \n 
the endocardial surfaces of the o irt 1 i 
depressions, usually sharply outlined, varyi \ ! 
and distribution. Lhe re larly arvel n t 
the ventricles In the right auricle they may be p 
sin ar Valves, especially ibout the o1 tive t 
left auricl they are usually fewer numbe n t 
servations have gone, unprovided with val 
are never absent from the ventricl In the right 
especially well provided with them, the larger numb ul 
the septal wall It is often much more difficult t 
left ventric although a d nt irch n ! t 
Here, in agreement with Langet tatement, they often 
near the bases of the papillary mu Phey may | 
selves in either ventricle almost anywhere on the endoca 
Structures, accessory to these ventricular foramina 
any way serve the office of valv [ have not seen; thi 
foramen is usually sharply defined and may frequent 
partial, shelflike covering, giving the m, pr 
attempt at a membranous valve; but it cldom more t 

Experience soon teaches one to distinguish, often 
between the foramina Thebs ind merely blind dep 
endocardium. Qn the injection of t els of Thebs 
by means of the blowpipe applied to the foramina, chara 
sub-endocardial ramifications, which very frequently con 
into other Thebesian systems or even into the great c 
will seldom fail to appear Connection with the corona 
be further established by injection from the veins them 
following observations will illustrate these point 

April 7, 1897. — ‘The right ventricle of a fi rt 
the tri uspid valve to the x \ lar number of n 
the s¢ ptal endocardial wall. The inflation wit WHI] 
ing from these was in most instan followed by t ( 
uubbles at the mouth of the coronary Q)n t 
bubbling, the air was observed to come ft t h of a 
the extreme end of the sinus. vein w n 
into the distal end. Defibrinate toreed thr it 
blowing into the end of an attached 1: \ plainly 
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The ease with which injections of air and blood could be made to 
demonstrate the connection between the vessels of Thebesius and the 
coronary veins caused me to doubt the opinion expressed by Langer, 
that the foramina Thebesii in the ventricles communicate with the 


veins by capillaries alone. To settle this point I injected the coronary 


veins of the ox with starch and celloidin masses, both too thick to 
pass the capillaries, and found that even these emerged from. the 
foramina Thebesi of the right ventricle. So intimate a connection, 
however, between the coronary veins and the vessels entering thi 
left ventricle | have not yet been able to demonstrate. 

By means of a very successful corrosion preparation, made by 
injecting the veins of an ox heart with celloidin, I was able to 
trace the communication. In this preparation the position of some 
of the foramina Thebesit was marked by small discs of the hardened 
mass, formed by the oozing out of the celloidin upon the endo- 
cardium. These foramina were shown to be connected with the 
smaller coronary veins by fine branches. The still finer ramifications 
which, as Langer has demonstrated, lead from the foramina and 
branch directly into capillaries were here uninjected; they would 
appear only when injected from the foramina themselves. 

Although I have made attempts, | have been unable to discover 
anything more free than a capillary connection between the vessels of 


Thebesius and the coronary arteries. [Injections of starch or cclloidin 


fail to pass from the arteries into the cavities of the heart 

Bochdalek’s observation, relative to a communication between the 
auricles through vessels of Thebesius, I have verified on the heart 
of the dog. Blowpipe injection of a foramen in the left aurick 
caused an exit of air from a similar foramen in the right auricle, and 
this without any discernible inflation of a coronary vein. 

I have no reason to believe that any of my results have been due to 
the rupture of vessels and the consequent extravasation of the circu 
lation-fluid or injection-mass. Care has been taken throughout to 
avoid high pressures, and this, together with the very important con 
sideration that my material has all been fresh, would serve to render 
errors resulting from this cause very improbable 

The vessels of Thebesius, therefore, open from the ventricles and 
auricles into a system of fine branches that communicate with the 
coronary arteries and veins by means of capillaries, and with the 


veins —— but not with the arteries — by passages of somewhat large: 


size. 


The Coronary Veins 
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upright position, with the heart suspended from the lower end, and 
the defibrinated blood poured in until the ventricle is full and the 
blood rises in the tube to a height of several inches 


igure 1 will make clear the relation of the cannula 


to the ventricular cavity. Figure 2 represents a 

/\ { form of perfusion cannula and a heating apparatus 
Ww which have been found very convenient for sup 
A ) ply ing fresh blood constantly to the ventricle, and 


for maintaining the heart at body-temperature. 

As a result of the above method — often within 
aminute after the introduction of blood strongly 
marked, regular, coordinated contractions of th 


gram ventricle are observed. With a pt riod supply of 


fresh blood, and with favorable temperature and 

! nula i, Moisture, this activity may continue several hours 
theventricularcav- The following are typical experiments. 

for 1 

April 1, 18g7. An etherized cat was tracheotomized 

sels of Thebesius ind bled from the left carotid artery. The heart was 

excised while beating, and rinsed in saline solution. A 

cannula was passed into the right ventricle through the right auricular appen 

dix, and secured by a ligature tied tightly about the base of the heart. Th 


heart had fibrillated immediately after excision, and shortly had ceased all 
movement. ‘The cannula and the ventricle were now filled with defibrinated 
blood diluted with one part saline solution. ‘The ventricle straightway began 


to beat with great regularity. On suspension of the heart in saline solution 


of normal temperature the beat was increased in frequency. ‘The blood, 
rising in the tube about 15 mm. with each beat, became gradually venous in 
color. The frequency of contraction then diminished, but was restored by 


replacing the venous with arterial blood. No diminution in the amount of 
the blood was noticeable, and no blood could be seen to issue from the 
heart. Lhe coronary arteries were empty - the veins were filled over the 
entire surface. ‘lracings were taken by attaching a rubber tube connected 


with a Marey tambour to the top of the cannula (Fig. 3). The resistance 
thus occasioned gradually lessened the frequency of the heart-beat, but the 
heart immediately recovered its former rate on removal of the tambour-tube. 

The heart began beating at 4.55 P. M. At 6.20 it was still beating slowly. 


The blood had been renewed several times. 


\n experiment of April 2, 1897, showed that a true circulation 


/ 


may take place between the vessels of Thebesius and the coronary 


veins. Here the conditions were the same as in the experiment just 


iindocardiac Nutrition 


recorded, except that two of the veins we n \ 
steady stream of venous blood issued frot 
them. 
On April 3, under the same conditio1 
the descending branch of the left coronas 
irters was opened. Ni flow of bl dl 
occurred from the artery, although th 
was a free escape from an incision in an 
accompanying vein. 
The following experiment shows that 
the above form of nutrition is not confined 4 
to the right ventricl 
{pril 7, 1897 The left ventricle of a cat r 
y 
was nourished with blood by the same method, 
except that the trunks of both Coronary rteri 
were ligated, and the ligature about the ven 
tricles omitted The supply cannula was tied 
into the ventricle through the aort On the 
intro ction of blood. the left ven cl n 
began to beat strongly regularly | 
height of the rod « mn was about mm [ 
\ sma but continuous tlow of blood occurr \ / 
from a cut n beating cont 
over an hour, becoming weak at t. but re , 
maining reg I Lhe ) od nd Vay 
part nto the right ventrici coming t\ 
through the w Phe blood had been wed 


come venous color, Phe temperaturt 


ycion very naturally arise that t 
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frequently by perfusion, and had invar 
kept at 20-260 
In considering these experiments th 
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ratory.’ But mechanical stimulus is inadequate to explain the phi 


nomenon; for when Ringer's solution of sodium, potassium, and 


um chlorides 1s ‘d alternately with blood under constant 


conditions, the solution fails to sustain contractions, while the blood 


succeeds. The following experiment is an exampk 


[pril 10, at’s he prepared in 


cannula in right ventricle. Ringer’s solution at 35 


blood. <A slow beating of the right ventricl 


minutes, 30 beats ; during the 1 five minutes, 6 beats 
Phe contractions were at first strong, but ually became irregular in force, 
and spasmodi they finally stopped. uring a third five minutes there 


beats. ‘The solution was now replaced by blood. ‘Tl 


during the first five minutes, 44 beats; during the 


minutes, 174 beats (60 during the last minute). ‘The contractions 


strong and regular throughout fifteen minutes; and later, when th 
was removed and the ventricle washed out, were still seen. 
An immediate re petition ot the above proce lure was followed with similar 


results; Ringer’s solution failed to sustain contractions, while blood « 


continued beating. 


There can remain, then, no doubt 


acter of the phenomena observed under this method; for 


enters the ventricle as arterial blood and emerges into thx 
dark venous color, while rhythmic beats are maintained for 
longer period than can be accounted for on other grou 
all other possible channels have been cut off, 
with blood, can communicate with the ventricle only by means of 
the vessels of Thebesius. The coronary arteries can take no part 
in the circulation, since they are found empty. 
One of the conspicuous features in the experiments of Magra 
Kennedy was the fact that an exceedingly small blood 
sufficient to maintain the unloaded heart of the cat in 
tractions. These authors published a graphic record 
beats which were sustained by a coronary circulation of a 
per minute, and report a case of fair contractions observed under a 


circulation of less than 2 c.c. per minute; the customary volume 


' Hype (1. H.): Proceedings of the American Physiological Soci 


in. 22. 1897 Phe paper will be published in full in this Journal, 1898, vol 


Moditied for mammalian tissues: NaCl, 0.9 


distilled in glass Vhe formula was kindly 
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formed April 3, in which the right ventricle was prepared in th il 

iv, except that th rature encircling the heart omiutt I] 
cannula was tied into the pulmonary artery Blood is tl low 
to enter the right auricle through insufficiency f the tricuspic 
val\ Phe heart wa ustained in rhythmic contractions for cight 
hours, a period considerably in excess of that observed in nut 
tion through the vessels of Thebesius alon It was inferred that 

I From a cat’s heart fed from t ht tric] Apr 

I rded six hours after t il fr t 

| Ip] T irve vas iW n ins of i Ma tan t \ i 

blood had gained access from the auricle to the coronary ns, and 
had thus aided materially in the nutrition Phe question was there 
fore submitted to experiment, as follows: 

Ju 20. £807. fhe coronary sinus of a freshly extirpated cat’s heart was 
opened at its middle, and a cannula tied into t distal end. ‘This cannula 
was supported vertically, and filled to a height of 12 cm. with defibrinated 
irterial blood. \ few minutes after the introduction of the blood both 
ventricles Ordinated, regular, and 
complete, iim! periods for an hour and a halt: 
they were facilitated by frequent mammals of the blood. ‘The amount of 
blood contained in the cannula was never more than 4 c.« During the ex 
periment numerous recoveries trom fibrillary contractions were observed, and 
records secured during the process of recovery. (Fig. 5 

Phe above experiment makes evident the fact that under verv low 
blood-pressure the unloaded heart mam be made to beat for a long 
time by feeding it through the amr veins alone. 
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and Porter.’ There is therefore no ground for denying the possi 


bility of recovery in the human heart, although it is likely enough 
that such instances are extraordinarily rare; and if the cat’s heart 
can be recovered by feeding through the vessels of Thebesius or thi 
coronary veins, the importance of these modes of cardiac nutrition 
in the fibrillar contractions of the hearts of other mammals can hardly 
be cainsaid 


It should be remarked that the heart in the living animal is, durin 


fibrillation, in a state particularly favorable to nutrition through both 


the vessels of Thebesius and the coronary veins Measurements 


taken in the left ventricle show that the intracardiac pressure rises a 


fibrillation draws near, so that the heart is greatly distended even 
before it has ceased to beat. The arrest of the ventricle lowers the 
blood-pressure in the aorta, and hence the blood-pressure in_ the 


smallest peripheral coronary arteries, to almost nothing. Cons« 
quently the passage of the blood through the vessels of Thebesiu 
and the regurgitation from the auricle through the coronary veins ar 


doubly aided; on the one hand by the relatively high pressure in 


+ 


the ventricle and auricle, and on the other by the diminished 


resistance in the coronary vessel [ have already demonstrated how 


“11 


slight a pressure will drive the blood from the interior of the ventricl 


or auricle through the cardiac walls. The intracardiac pressure at 


the onset and in the earlier moments of fibrillation would seem t 


more than sufficient to establish such a circulation, giving the quiver- 


ing organ one chance of recovery, although a desperate chance at 


1 


In simple arrest of the heart without fibrillation the nutrition 
through the vessels of Thebesius and the coronary veins may work 
to great advantage. Here once more the heart is distended; here 
again the pressure in the coronary arterics has fallen very low: but 


no fibrillation dissipates the energy of the cardiac muscle in futile, 


uncoordinated contractions. The occasional recovery of these ai 


rested hearts can searcely be explained by the theory that leaves 
i¢@ heart un-nourished save through the coronary arteries. It is 
the | t hed tl rh tl It 


the pressure in the aorta that drives the blood in the coronary arteries 


into the cardiac walls in spite of the peripheral resistance. The 
aortic pressure is maintained by the beat of the ventricle; the loss 
of a few successive beats lowers it cnormouslyv: the reservoir receives 
PORT! ], 1898 I 
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pointing 
anothet 

These writers forget what a terminal artery really 
that terminal arteries, like all other blood-vessels, 
their neighbors by capillaries. An artery is terminal, not be 
has no communication with neighboring arteri 
communication is of a particular kind 
that the resistance in the anastomosing branches is greater than th 
blood-pressure in the arteries leading to is thi 
resistance which makes the artery terminal Phe 
logical, and only secondarily anatomical. The fa 
be injected post-mortem from another artery is 
living blood in the living organ follows the course of the 
injection. The naturai relation between the blood 
arterioles and the resistance in the communicating vessel 
imitated with accuracy. Only injections that pass with great ca 
can be used as presumptive evidence against the terminal nature of 
the artery; and, as a fact, aside from rare abnormal cases, injections 

from one coronary artery to another with difficulty 

The advocates of the free anastomosis of the coronary arteries 
indeed a difficult position. They must explain how infarcts can fol] 
the closure of freely anastomosing vessels. We who believe 
terminal nature of these arteries need only explain why the closure 
occasionally fails to produce infarction. And this explanation cat 
now be given. 

A certain small number of the cases in which closure fails to 4 
duce infarction must be ascribed to the abnormal anastomos« 


are occasionally present. It is possible also that the very 


closure of an artery might permit the cradual dilatation 


communicating vessels until the resistance in them is low enough 
to divert a part of the blood in the neighboring areas into the 
anamic district, and thus gradually establish sufficient collateral cir- 
culation to keep the part alive. These possibilities have long been 
recognized. 

A new and effective mechanism for the rescue of the cardiac 
muscle from threatened infarction is found in the nutrition through 
the vessels of Thebesius and the coronary veins. Through these 
ever present channels blood can be drawn to the anamic area for 
the occasional saving of hearts in which the blocking has been 


sufficiently slow. Usually, however, the blood must find the resist 


of th 


7 

ance in the arterial capillar too vreat to | 
to prevent infarction 

It is evident that the nutrition th: h the v {| 
the coronary veins must modify in n ht « t t 

¥ +] + + +] } ] 
of the nutrition of the mammaitan hea in e4 
niarction of the heart take place 

Th \\ Wal ll rt tin | i i 
I wish, in concluding, to expr mi itefu ition of 
encouragement and aid 

SUMMARY. 
1) The ves of Thebesius open from t ent nn 

nto asvstem of tine branches that communicat th 1 on 

arteries and veins bv means of capillat ind 

not with the arteri DV Passat ot omewha il 

(2) Phese vessels are cCapabic Of Dringin | 1 th nt 
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continued, rhythmic contraction 

) Lhe Neart mav a bye ficct \ 
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} ) th uch ul \ 
veins contributes to the recovery of the heart from fibrillary nt 
tions and from simple arrest without fibrillation, and attords a1 ! 
| 
abDie Xpian ition of many Cases in Whi th irda t 
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By W. GREEN] 
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Phe nature of the net 
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the chemical reagents used in experimental phy 
cine. work oftet trong pi mypt { { 
view that ther s a direct relation bet n t t { 
the nerve impul 
Waller also made observations on the 1 t { t 
of the external stimulus and the 1 til ’ { 
nerve He reached conclusion be 
the paper 
METHODS AND JA 
Determinations of the quantitat relation betwe t t 
of the external stimulu applic i t in nal t t t 1 
resulting net impul vere made on ut 
(Rana virescens), the terrapin (P lemvs, t { { 
the dos Phe particular nerve l l Cl t] { ! 
Isolated pieces of nerve five t . ntimet t 
for experimentation. During an experiment the n 
two pairs of nonpolarizable clectrod nan t 1) 
of the electrodes being uscd 1 timulate on nd of t ! 
other pair lo ] id Ott the action current trom th { nal 1 t 
nerve to a very sensitive aperiod uvanometer 
Phe form of stimul used thi hout the exy 
induced current produced by a du Bots-Revmor nduction 
Phe secondary circuit included an automat hort ti 
the stimulating electrode ind an electrodynamometer | hort 
circuiting key consisted of a small clock placed hor nt 
carrving on its cond-hand a platinum connector 
two parallel circular mercury. tr h ()n ft { 
interrupted for a definite proportion of its circumferen 
The intensity of the stimulus was varied by m ne t 
coil of the induction apparatus toward or aw from t 
coil, according to the make cale of proportion currents, 1 
intensity of the resulting current being m red by 1 ( 
in the circuit. The primary ci { b 
storage cell with sufficient resistance in th t t 
rent of the desired intensits arrangement 
constant current during the time limits of an exp t | 
current was interrupted by the Neef’s hammer atta to t 
tion coil Helmholtz’s modification 
make and the break induction 
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lectrical measuring instruments used 1 hese experiments 

specially adapted to physiological work. They may, 

n special mention. Both instruments were devised 
H. A. Rowland of the Johns Hopkins University. 


uvanometer is of the d’Arsonval tvpx It consists of a 


re suspended between the closely approximated pok 


horse-shoe magnet. » coil is suspended by a pho 
ze filament and the circuit is completed by a spiral sprin 
same material at the bottom of the coil. The instrument | 
rendered riodic by a mica vane attached to thi 
and swinging in an enclosed box. The deflections 
are determined by means of a telescope readin; 
from a mirror attached 
pe is attached to the instrument by 
which can be raised or lowered. 

Phe galvanometer is independent of the earth's magnetism ¢ 
therefore be placed upon any convenient supporting surfac 
reference to the magnetic meridian. When the instrument 
adjusted it is always ready for immediate use, and its 
the ease and accuracy with which its deflections may 
ts freedom from vibrations, make it very convenient 
experimentation. 

he particular instrument used in these experiments has a ré 
ance of 671 ohms, and gives a current value of 49 ten-mil 


milli-ampere (. 1o°’ampe res) per millimetre of scale deflection. 


lionths of a 
Phe electrodynamometer consists of a small high resistance coil of 
fine wire suspended within and at right angles to a fixed coil of high 
resistance. The free coil is suspended in precisely the same manner 
as in the galvanometer just described. The instrument is rendered 
aperiodic by a mica vane, and the deflections are read by means of a 
‘lescope and scale, as in the galvanometer. The magnetic field in 
instrument is produced by passing the current to be measured 
through the fixed coil. A current sent through both coils gives a 
deflection in a constant direction, whether the current be direct or 
rapidly reversed. It is therefore especially adapted to the measure- 
ment of alternating induction currents, such as are used in physio- 
logical experiments. 


Che deflection of the suspended coil in this instrument represents 


the mean squares of the series of waves of induced current, hence 


the mean current varies directly as the square root of the deflection. 
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the nerves from mammals. Howev 
isolated nerve alone wa 
THE Rest 


The quantitative relation between 


stimulus applied to the nerve and 


Measured by direct current met { 
ten-thousandths of in 
n millimetre It must be remember that 1 
represents only th mcan 4 
current a tated above 
timulation, it De of additiona t { 
current as measured on th trodynamomet 
tected DV the n r\ tt ti] ot t t | | 
units become sharp, and 12 units paint ' 
Detween § and |] nit of cul nt a ! ) 
range of the dvnamomet <tends fron - : t | 
just about the workin ran of sti nt { 
scarcely delicate cnough to measure minima 1 for 
tive such as th of nter tre 
In each experiment the nerve wa tin ited f{ 12 ; 
( thie ree aration. of ! | | 
measurement. The time of t tit 
was regulated. by the automatic short-circuit Clo 
described. The streneth of the stimult vas \ d\ t 
rit iil il i 
records of the mi nt ti 
In these experiments. the trocnen 1 
HEE Connection with the sciatic nerve and arrat 
Hee the moist chamber, the mus r recordit 
Phe Crate Nerve Val tin itcd 1 
action current was led off ft h 
turtle 
PERIMENT 
ee the strength of the ext 
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produced by it, is shown in the curves constructed from the experi- 


ments. In these curves I have plotted units of increase of stimulat 


ing current along the abscissa and the associated change in the 
of the action current along the ordinates 

millimetre of scale deflection of the galvanometer by the 

current has a value of 49 ten-millionths of a milli-ampere, as 

stated. There is a great difference in the absolute values 


-action currents obtained from different nerves, but as we are 


he r ive variations in 


here only with t 
reduced all curves to a uniform magnification in orde1 
comparisons. 

Nerves of the Frog. — The plotted curve expressing the relation 
between stimuli of different strengths applicd t nerve and the 
streneths of the resulting action currents shows three characteristic 
parts (Fig. I. ): (1) an abruptly ascending straight limb, including 
the range from minimal nerve stimuli to stimuli above the strength 
that calls forth maximal muscular contractions; (2) a middle portion, 
in which the curve is still ascending but s rly concave 
abscissa; (3) a supra-maximal straight portion parallel to or more 


often slightly diverging from the abscissa. 


These regions I shall now describe in greater detail 


ord of a current of action in a frog nerve was obtained \ » nerve 


was stimulated with an induced current just strong enough to produce 


a minimal muscular contraction. This was the usual result in test 
experiments, although sometimes the minimal muscular contraction 
was obtained with a stimulus slightly weaker than that causing a 
readable action current in the nerve. In every case the minimal 
action current produced in the galvanometer a deflection of only a 
fraction of a millimetre 

A series of stimuli applied to the nerve, increasing above the 
minimal stimulus by very small but equal increments up to a strength 
about twice that necessary to call forth a maximal muscular effect, 
produced a relatively strong and rapid increase in the action current 
Phis increase in the action current was by increments proportional to 
the increase in stimulus, giving in the plotted curve a straight line. 
Such slight variations as occurred in successful experiments were 
apparently within the limits of error of determination. The strength 
of a minimal stimulating current for the nerve varied from 0.02 to 0.2 
units. The increase in stimulus that was necessary in order 


forth maximal muscular contractions in test experiments, was approxi 


first re 
’ 


Livternal Stimulus and 


d 


added increment 


stimulus and 


and in degree ot 


very roughly 


further incre: 


a slight additional increase 


streneth of the stimulus was 


mately 0.2 of a unit. The upper limit of the first straight portion of 
the curve is not sharply bounded. 
0 i 2 3 
Units of 
I I SCTATI ) 
Curve represent the lantitative relat tre 7 
abscissa represent units of stimulat t 4 
ordinates represent units of action cu nt (1 t ) t l t 
the plot represent t vidual re t 
drawn after a mparison of eral t t 
M Minimal muscular effect Ma. t 
A further increase in the streneth of the stimu tbove that just 
described HREM an increase in the action current of the n ( 
but the iM; of action current ccompanvin t 
increase stimulus mialle \t th point 
the plotted curve is strongly concave to the ab Phis mid 
portion of the curve of relation between th trencth of tl 
Ee the streneth of the action current vari n extent 
En COncavity, and its limits can be determined o1 
in the streneth of the stimulus produced o1 
increased tenfold and mor rh 
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n current was by increments proportional to tl 


When plotted, the results give a straight lit 
ring from the abscissa. Occasionally there is no 
the amount of the action current, 


} 


ADSCISSa 
The nerves of winter frogs are sometimes very irritable and thi 
relations of minimal stimuli to the corresponding action currents ar 


accordingly dithcult to determine. The strength of minimal stimuli 


for many frog nerves was too slig be measured by the electro 


dynamometer, and 1 ich experiments it was determined indirectiy 


Ls induction coil.! In these very irritable 


nerves the abruptness in the increase in action current with small 


Increase above minimal stimuli is most marked. Variations and 
cularitics were frequently obtained also in the response of frog 
erves to 

Nerves of the Terrapin. — Nérves of the terrapin (Pscudemys), 
are much less irritable than those of the frog, but the curve of rela 
tion between stimulus and action current response, plotted from 
experiments on the sciatic of the terrapin, exhibits the general charac 
ters just described for that of the sciatic of the frog. ‘That is, it shows 
a beginning straight limb of rapidly increasing action current pro- 
duced by slight increase in the energy of the stimulus, a middle 
portion concave to the abscissa in which the action current still 
increases, but by diminishing increments, and a long supra-maximal 
straight limb slightly diverging from the abscissa. 

The first straight part of the curve usually ascends less abruptly 
from the abscissa and the second curved portion is usually longer 
and less concave than in the curve from the frog’s sciatic. The 
series of tests as a whole was more regular and constant than in the 
experiments on the frog’s sciatic 

The total action current obtained from the nerves of the terrapin 
was relatively much less than that obtained from the frog’s sciatic 
A minimal stimulus for the sciatic of the terrapin varied from 0. 7 to 


2 units of stimulus; an increase above this by 0.3 to 0.7 units pro 


duced a maximal stimulus for the muscle attached to the nerve in 


test experiments. 


a new arrangement of the dvnamometer, suggested by Professor Rowland. 


this difficulty has been obviated, the sensitiveness of the dvnamometer bei 


greatly increased that minimal or sub-minimal stimulating currents, ever 


irritable nerves. can probably be determined without difficulty. 


110 
increase in the 
nerease 
a 
crease 1n 
{or very 
’ 


pronounced action 


1 plotted, 


the st straight portion 


of the curve is obscure in 


experiments on the vagus 
in that it merges at once 
into the second or stron 
ly concave portion The 
ucht limb of the 
curve is quite closely com 
parable to that in curve 
from the sciatic nerve. 

Nerves of the Cat and the Dog. Nery 
used under precisely the same conditic 
terrapin, he curve expres 
the external stimulus and thi 
of the cat and the dog (I 
the frog or the terrapin 
the nerve and increasin: 
there is a rapid increase in the amount 


equal proportional increment 


quite variab In cicht 
current wa btained from 
the vagu ( n with ey 
Ct vely tron tim 
pecially alter th nerve 
current of relatively slight 
exhibit in a degree the 0 ; 
relation hown thi 
curve from the itic of 1 
the terrapin. How 
of the cat and the d 
sas those of the frog and 
lation bet en the trenet 
the action current 
very like that obtained f 
th minimal stimuli ay 
qual increments of stim trot 
f th action ¢ rrent 
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This ascending straight limb of the curve is followed by a middle 
portion increasing by diminishing increments and thus concave to 
the abscissa, and this, finally, by a long supra-maximal straight 

portion diverging slightly from the 
abscissa. The middle portion of 
the curve is usually longer and less 
concave (Fig. 4, a) than in the 
curves from the nerves of the frog 
or the terrapin, but sometimes this 
difference is not apparent. In a 
small percentage of experiments on 
the sciatic of the dog I have obtained 
an initial short curve convex to the 
abscissa. That is, with an increase 
by equal increments above a mini- 
mal stimulus for the nerve there is 
for one or two readings an increase 


in the action current by successively 


increasing increments. This short 


initial part of the curve is always 
followed by the first straight portion 


as described above. It should be 

ee ee stated here that the long and tedious 
resulting action Precautions for cooling the animal to 


room temperature before its death, 
as described by Bernard, Schiff, and 
, Israel,! seemed unnecessary and were 
extent of the upper str : 


wee: compare with Fic. The animals used 


performed were such as had been killed in the 


been kept alive 


was 


bie laboratory at the end of other ex- 
moist Chamber at room tempera- 4 
periments. The nerves were taken 
soon after the animal was killed in 
some instances, and in others not until the animal had cooled to near 
the room temperature. In one case, one sciatic of a dog was removed 
at once after the animal was killed, the other after it had cooled to 
near the room temperature. No difference was observed between 
the character of the results in experiments made on the two nerves 
immediately thereafter. [lowever, after being kept over night on 


clean filter paper moistened with physiological saline solution, the 


aR ISRAEL: Arch, fur Anat. u, Physiol. (physiol. Abth.), 1877. p. 443 
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room te mp 


hav been frequ 


lav 15 to 20 hours after remov: 


In one case two sciatics and an ulna 
irritable after 25 hours, and the f 
of 41 hours! at room temperaturs 


current; the two sciatic 


Kixternal Stimulus and Nerve Linpuls 
warm nerve ive No response even to the stron t st t] 
cooled nerve was still alive as shown by th tro. ct rent 
om the body of a di fter 15 
I ume dog removed immediately at 
paper for 15 hours were still alive and tab 
the marked action current caused by stin ition 
Wy. 
1 
n irrent N 
No. 95, cd, from tl il 
mperatur | t 
ner re kept f S re 
tim 
Nerves from dogs and cats remain al n the moist 
ature a surprisingly long time Ne from 1 
oWwIne mornin ifter ay 
eave no action current, 
Frederieq obtained an act rrent after 24 
Phvsiol., 1880, p. 70. 
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apable of responding to stimuli. Even in these sciatics, however, 


ry strong currents of rest were present. 


| have uniformly obtained a strong action current from isolated 
nerves of the dog Che action current decreases after 12 hours (se 
Fable), but a current may still be obtained after at least 41 hou 
Phe action current varied from 20 to 30 per cent of the demarcation 
current in fresh nerves. The strongest action current Gritzner 


obtained from rabbit nerves did not exceed 4 per cent of the demar 


cation current. As the nerves were kept, the demarcation current 
increased for some time, becoming two to three times the original valu 

after 15 hours,-—the measurement being made after a fresh section 
of the nerve. This increase in the value of the demarcation current 


was true also for the nerves of the terrapin, and has been describe: 


before in the nerves of frogs. 


j lata from si xperimen ntl Wi Ne? t/lustrat 1 
writabiltty and the decrease in maxtmal action curres 
ts kept alt n filter paper t bh physiolo usa 


FROM THE ULNAR NERVE OF THE DOG 


The irritability of isolated nerves from the cat and the dog increased 
for several hours, 24 hours at least, and then decreased until its final 


disappearance The test on which this statement is based is the 


strength of a minimal stimulus necessary to produce an action 


rent in the nerve 


COMPARISON OF RESULTS. 


+ 


From about one hundred and twenty experiments I am unable to 
deduce any general law applicable to the entire curve of relation 


GRUTZNER: Pfliiger’s Archiv., 1881, xxv, p. 278. 


* Howe: Journal of physiology, 1894. xvi, p. 476 
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of the dog I have obtained a short initial « ir to that 


described by Waller for the nerves of the fr ilt | cannot 


what relation it bears to minimal m lar contraction 1] nit 


mits of streneth that call forth minimal and ma 1 con 
tractions are accompanied by proportionately inct nent 


alone, this region a straight line in the plotted resul \\ 
supra-maximal portion of the curve ms to cor ey 


WALLI \ 
WALLEI 


Livternal Stimui mad Nerve Lmf 
curve in the ner of the dog, when p nt ! ! trol 
marked than in the single cu in. tact. 
particular experiment that he has plotted exhibit tion 
ereater than might be accounted for by t limits of « n det 
nation However, some of h tab lottes tl | 
enon much more strongly, while others do not ex] it st af 

My results on all nerves confirm Waller's statement th ref 
to the second part of the curve hich he d Phat | 
found that variations in the streneth of tl tit vet 
of action current In experiments in which [ ha used. tl 
13 


middle portion of my curves, which, following his description, I 


poken of as concave to the abscissa. 
Phe third or supra-maximal straight portion, w 
bed and figured, he does not describe, although the data for it is 
contained in one of his protocols (No. 106). Throughout this portion 


of the curve a wide variation in the strength of the stimulating curren 
occasions but little and in some cases practically no variation in the 


streneth of the action current. We have here a phenomenon which 


it first sight suggests a comparison with the maximal contraction of 
i muscle. This maximum is reached, in the nerve, at a point fas 
bevond the strength necessary to cause a maximal muscular con 
traction. It lies, therefore, beyond the probable range of normal 


evel ma be s i that the itte ( ipabl of npartin \ 
nulus far in excess of that necessary for the production of a max 
] +1 1 ] + ] P| ] > ] 
mal shortening inthe muscle. How comp] v this rclation mav he 
n the ne bre 1s stimulated from its cell instead of directly by 
tificial means, cannot be d mined 
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Ceradini! studied the movements at first by means of a manometer 
connected with the nose or mouth, and containing smoke or colored 


liquid; he confirmed the statement of Voit, and also adopted his 


xplanation of the phenomenon. In a later study," however, Cera- 
dini modified his first interpretation. Tie came to the conclusion 


that the systolic condition of the heart coul 
within the thoracic cavity as long as the blood put out from the left 
the cavity. Ceradini, theretore, now assumed 
that the oscillations did not originate trom the change in the volume 
of the heart, but from the change in the volume of blood present in 
the thoracic cavity; the inspiration being due to the outflow from 
the cavity of the chest, and the expiration due to the inflow of blood 
to the cavity. Ceradini also obtained tracings of these movements 
by means of an instrument which he called ‘ Haemothorakograph- 
ion, but never published them. 

In 1876 Landois* published an elaborate monograph on_ thes 
oscillations, which he termed, as stated above, cardiopneumatic move 
ments. He studied the movements with the aid of the manometric 


] 


flame, and, also, by means of his cardiopneumograph, obtained trac- 


ings of them from the nose and mouth of men and from the trachea 
of curarized dogs. The skeleton of his tracings shows a sudden steep 


inspiratory, and a gradual, slanting expiratory undulation, which 


Landois, adopting Ceradini's later view, explains by the sudden arte- 


rial output of blood from, and the gradual venous flow of blood into, 


the thorax. Besides these main movements, Landois noticed on his 
tracings little secondary notches and peaks which he attempted to 
explain by certain subsidiary but constant causes. The rebound of 
the arterial blood causes a tiny peak on the expiratory line. Landois 


insists that each inspiratory movement is preceded by a small sharp 
expiratory motion, which he explains by an assumption that I shall 
not discuss here. Mosso,? on the other hand, who accepts the views 


of Ceradini and Landois with regard to the chief cause of these move- 
ments, claims that no short re spiratory upstroke prec des the inspira 


tory movement, and that, in his opinion, the beginning of this latter 


CERADINI: Heidelbe Jahrbiicher der Literatur, 1860, p- 


/hid: Annali universali di medicina, 1870, p.587 
lhis instrument, as well as the cardiopneumograph of Landois, 1s practical 
not ng more thana Marey’s tambour. 
LANDO Graphische Untersuchungen den Herzschlag. serlin, 187¢ 
\ 


losso: Die Diagnostik des Pulses, 157%. 
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cardiopneumatic movements. ‘They oft 
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or two further,” they say, “ their entire explanation m 
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advanced by Klemensiewicz ' about fourteen vears before Haycraft 
and Edie, just after the appearance of the monograph of Landois. The 
original article is not accessible to me, but there is a short report of it 
in the Jahresbericht of Hofmann und Schwalbe? which I will quot 
here in part. ‘ Klemensiewicz reports experiments on the cardio 
pneumatic movements, which can also be seen in the frog. He reject 
the explanation of Landois because the phenomenon is also present 
when the thorax is open. The movements are due rather to the inti 
mate relation between the heart and the lungs, thi 
Marey’s tambour, registering all the movements and vibrations of th 
heart.” We see here the same hypothesis as that of Haycraft and 


thesis of 


die, and also the same argument for rejection of the hypo 
Landois and others. In discussing the new hypothesis and the at 
ments against the older one, I shall use the statements of Havcratt 
and Edie, as I do not know the experiments upon which Klemensic- 
wicz has based his opinion. 

According to Hayecraft and Edie, the cardiopneumatic curve rept 


sents the variations in the pressure exerted by the heart upon th 


lungs. .As the heart slowly changes its size during diastole, it presses 
upon the lungs and causes the gradual (expiratory) upstroke. In 
the beginning of the systole the heart at first ‘‘ resents ” its distortion 
by the lungs, it ‘‘ asserts” itself, which again causes a small but 


steep upstroke; then as it becomes smaller in all dimensions, 
recedes from the lungs, which now expand, thus causing a sharp 
downstroke, —- an inspiration. In a certain sense the t 
craft and Edie coincides with the original hypothesis of Voit and 
Ceradini, inasmuch as both agree that the movements are due to thi 
change of pressure caused by the change in the size of the heart; but 
while Voit and Ceradini meant the pressure exerted upon all the con- 
tents of the thoracic cavity, Hayeraft and Edie mean only the dire 
pressure upon the lungs 

Phe interpretation of these authors, however, seems to me to bi 
open to some criticism. We can understand why the pressure of tl 


heart upon the lungs during diastole should produce an expiratory 


movement; we can admit the possibility that the * self-assertion ” of 
CLEMENSIEWICZ, R seitrage zur Demonstration des Pulses und Herzstosses 
mittelst der manometrischen Flamme, nebst Versuchen tuber die sog. cardiopt 
matischen Bewegungen Mitteilungen des Vereins der Aerzte im Steiermark 
Jahresbericht uber die Fortschritte der Anatomie und Physiologie, 1877. p. 5! 
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l-urthermore, Haycraft and Edie in support of their statement that 
the open thorax has no influence upon the cardiopneumatic move- 
ments have published two figures, each containing two tracings, 
one taken before and the other after the opening of the thorax. In 
both figures, however, the tracings taken when the thorax was open 
ditter distinctly from those taken from the normal animal. I repro- 


duce here one of these figures 


1 


} I Fig. 4 in Haycraft and Edie’s article; Journal of Physiology, 1Sot, xii, p. 431) 
Mer ¢ (1) was taken from a rabbit with its chest cavity in normal condition ; tracing 
2) af ma 1 fre ‘ g » the cavity 


In order to gain a personal insight into this problem I have re- 


peat d the ¢ xperiments of Hi ycralit and Edie. These authors do not 
tell us directly from what animals they derived their results. There 
is a remark in their article that they have experimented with the 
lungs of rabbits and sheep, but this has reference to another kind of 
experiments. It is said, however, that the tracings which they pre 

sent were obtained from rabbits. I have therefore first experimented 
on rabbits. The method was in general the same as that employed 
by the authors mentioned and by Landois. The animals were given 
chloral and then curare, and were kept alive by artificial respiration. 
Phe tracheal cannula was connected with a Y tube, each limb being 
provided with a stop-cock. One limb was connected with the appa 
ratus for artificial respiration, and the other with a Marey’s tambour 
registering on a revolving cylinder. When the stop-cock leading to 
the apparatus for artificial respiration was closed and that leading to 
the Marey’s tambour opened, the cardiopneumatic movements soon 
appeared. After taking a few tracings from the normal animal, the 
chest was opened and tracings were again taken. I repeated these 
experiments on cight rabbits, from every one of which IT uniformly 
obtained the following result: when both pleural cavities were freely 
opened there was no cardiopneumatic oscillation on the tracing from 


the trachea 
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the thorax were opened 1 mplv a stra 


level on account of the Collaps« gd condition of th 


I », The upper tracing is a cardiopneumogram from the trachea of a rabbit. ¢ 
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My results then were in ¢ 
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each pleural cavity separately on their respective les of th 


In one experiment in which I removed a part of the sternum some 


slight undulations could indced be noticed on the tracing obt 


from the trachea immediately after opening the chest (see | 


Haycraft and Edie opened the abdominal cavity and cut a { 


anterior attachments of the diaphragm along with the anter 


wall in its lower part. Of this method, which Haycraft calls the bi 


Fic. 3. Cardiopneumatic tracing, from a rabbit. At «a part of 
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tion: it will be loosened from. its mor: 1m to the 
wall and be een ftloatin i ) t 

position that physiol ts from -tlas tin 


Fig. 2 shows a part of the tracings t t before and after t 
opening of the thorax. The tracing 1 n aft t 
pt n if eura Cs a | ul l 
moved ; 1@ unduilat i noticeable nt et t I 
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studied its movements, making, I think, too little allowance for the 


fact that the organ is in an entirely unnatural condition in respect to 
its attachment.” * I think that Haycraft is correct in this, but that he 
and Edie themselves make too little allowance for the fact that in their 
experiments the heart was in an entirely unnatural condition with re- 
spect to its attachments. I have repeated their experiment also on a 
number of dogs, and have convinced myself more than once that when 
the pleural cavities are opened without disturbing the natural rela- 
tions of the heart to the front wall and diaphragm, the cardiopneu- 
matic movements disappear cither entirely or are hardly perceptible. 
When, however, as in Fig. 3, the attachments to the sternum and the 
I] 


owed to fall back upon the 


diaphragm are removed and the heart a 


lungs, some distinct movements appear again. 

Phe experiment illustrated by Fig. 4 shows us (1) that the opening 
of the thorax, without disturbing the natural attachments of the 
heart, nearly destroys the movements (see tracings Nos. 2 and 4); 
(2) that the closure of the opening in the chest, though surely not 
absolutely air-tight, brings the movements out again to a certain 
deeree (tracings Nos. 3 and 6); (3) that the removal of the normal 
attachments of the heart causes the heart to fall back upon the lungs 
and brings out movements that seem to be different in size and 
character from those which occur when the chest is air-tight and 
intact (tracing No. 5). 

There is still another point which deserves special comment. It 
the communication between the trachea and the Marey’s tambour 
were established immediately after the artificial respiration is dis 
continued, the rubber cover of the tambour would be exposed to an 
abnormally high pressure by the air escaping from the inflated lungs. 
To avoid this I have regularly permitted the thorough escape of 
the air from the lungs before a tracing was taken. To attain this | 
placed a T-tube between the stop-cock on the limb leading to th 
apparatus for artificial respiration and the tracheal cannula; this tubs 
had a stop-cock on its vertical limb which was kept slightly open 
during the artificial respiration, and which I might call “the relief stop 
cock.” Before taking a tracing the following order was observed. 
First the relief stop-cock was opened fully, then the stop-cock of the 
artificial respiration was closed and that leading to the tambour was 
opened; and, finally, after the lever of the tambour reached its nor- 

! Haycrart, J. B.: The movements of the heart within the chest-cavity and 


the cardiogran Journal of physiology, xil. p. 447. 
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mal position agai 


With these precautions the tambour wa made n 


ressure inside and out terit +] m ment 
relict stop-cock was closed Detor all t 


the lungs did not thoroughly collap and the tambour r 


some movements, although the thorax was open and t itta 
of the heart thoroughly removed, th movement Uisap] i 
FIG. 4 1) Shows the cardiopneumatic move S 
) Tak t iral \ 

SI 

mo m i | 

th i 

co | n t s 

id | 

tl 

resen I 
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are n 
soon as the at is permitted to thor 
ments were quite large at tin CSp 1 t] tt { 


the hear re thoroughly reme dl Lh 1 | 
th cast 
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While this tracing was being taken, both pleural cavities of the 


dog were wide open and the attachments of the heart removed, but 
the lungs were still considerably inflated and the heart was buried 
between them Phe artificial respiration was interrupted for a lon 


period; the dyspneea caused a slowing of the beats of the heart, 


which, becoming quite large during cach diastole, pressed the lun 
to the sides of the thorax, and hereby caused large but not charac 
teristic cardiopneumograms Haycraft and Edie, it should be re- 


marked, do not tell us what precautions they have taken to avoid 


Fic. 5. Cardiopneumatic curve taken from a large dog Dyspneea; thorax wid e! 


this artificial condition of affairs. We read there: ‘On = stoppin 


the respiration, opening the communication with the tambour, and 


clamping the tube passing to the bellows, the cardiopneumatic mov: 


ments were well seen” (p. 430). I know by experience that even 


with an opening widely communicating with the air, it takes some 


time for an artificially ventilated lung to reach the limit of collapsé 


Haycraft and Edie do not tell us explicitly that they have taken thx 


necessary precautions; perhaps the lungs of their animals still con 


tained surplus air when the tracings were taken, giving them a 
cardiograms not to be obtained under normal conditions 


My experiments justify the following conclusions : 


(1) The cardiopneumatic movements disappear when both pleural 
cavities are open, provided the heart retains its normal attachments 


he 


and the lungs are thoroughly collapsed before the tracings from t 
trachea are taken; 

(2) The results of Haycraft and Edie might -have been caused by 
their method of opening the thorax, which permits the falling back 
of the heart upon the lungs, and also might have been influenced by 
an incomplete collapse of the lungs ; 

(3) Without the assistance of the elasticity of the rubber cover of 
the tambour, the lungs in the open chest cannot follow the receding 


heart in the systole and no inspiratory movement can occur; 


\ a 
\A 
tta nents of heart thoroughly removed, but lung still quite inflate 


act LiKe in te! 1) 
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OF THE EAR AND THE LATERAL 
LINE IN FISHES.’ 


| their science are the history, onto 
net ind) phvl net of the ear and that of the system 
n in ly called the sense-organs of th itera } 
found Fish ind aquatic Amphibia or adu 
t ditterences of opinion and confusion in th cld of 1 a 
id= in 1884, introduced a semblance of order, and at th ume tin 
for much further contention, by bringing th »« in 
tems of in ovether phvlogenetically, and uming the ear 
be nothing mi nor less than a mod 1 portion of th vstem oO 
\ Since then much has been written upon this pha 
t bject, thi vief sin ontribution, perhaps, being that of 
\\ vho adopted and developed very fully the general 
cst by ard 
Phe « f morphologi facts upon which this \ based, are, 
yrief, the followin 
The ear and the lateral line seem 
develop from a common ectodermal thickening, which extends 
id and backward from the place of origin. 
S ? tn st f adult organs. It is now generally 
nowledar yy morphologists that the internal ear is not one 
in, but a group or system of organs, comprising in the fully 
eloped ear of the fish seven recognizable patches of sensory epithe- 
I Su ( s article was presented before the Section in Physiolo 
[31 \sso on fer tl \dvancement of Science at its meeting in 
cust 19, 189; 
BEARD, J.: O e segmental sense-organs of the lateral line, and on the mor 
vy of the tebrate Wlitory organ. Zool. Anzeiger, 1884, vii, p. 140. 
AVERS, H.: Vertebrate cephalogenesis. II. A contribution to the morpho 
I I rate wit i! ons ratio ot s fun ONS Jo rnal of 
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LLL vertebrate morphologists are well aware that two of the prom 
f 1 
A 
In 
I ry. 3 l 


OF Lhe /: 7} Li d 
lium: the three crista acustica, contained in tl { t 
of th ar canals; th t t 
the us utricull, saccu ana na il 
macula negiecta, Contained usua t | 
of these is well known; in each thes { 
epithelium, supplicd bv ul 
and supportin cl Phe pro { t h 
| 
liquid, the endolymph In addition to th paar nf 
cristee and macule, cach ma mia ot t t 
upon th nsoryv. hairs. The lab this ft 
through the ductus Iwmphat 
| Or 1) of th 
free or contained in cana t {4 { 
of the | cana pen at inter tot 
of the medium, a i! th m 
phatic duct. From their position, diff nt port f 
svstem ha received the nan ipra it fra { 
cipital, and latera truct } 
sembl] that of the crista: acustica t 
oft nsorv epith Wn, ppl ad ) 
of hair- and supportin the 1 ft 
into a liquid which, when canals are absent th f thes 
and, wen canals are pt va 
excreted by the cells ning th of t 
are innervated by nerve-fibs formit 
run to the periphery usually in compar t f 
eventh, ninth, and tenth cranial ner | { 1 
by th cramal net n 
their nerve th the cranial net In t 
nerves of the lateral line form a definit ten ft 
common central o1 n, Which central o1 t 
origin of the cighth or acoustic net 
It must be acknowledged that th facts at 1 ! 
and seem to warrant the interpretation nto ther 
Can phvsiologv throw anv light upon t tion \ st 
functson is not usually believed to b ipab { 
relat nship of in ina 1 
neglected the physiological sid It t 


I 20 rl Lee. 


more had done this, for the physiology that has t 


lus far been intro 
duced is largely speculative, usually lacks an experimental basis, and 
sat times grotesque. What is needed here, as in all similar cases, is 
not speculation from morphological facts as to function and the origin 
of function, but reasoning from physiological facts that are first 
acquired by rigid and critical experiment. We have here an admi 
rable opportunity to demonstrate not only that the phylogeny of func- 
tion is worthy of study for its own sake, but that physiology is at times 
able to present, if not direct, at least valuable circumstantial evidenc« 
of the truth of morphological deductions. The evidence that I wish 
to bring forward has been obtained, unless otherwise stated, by myself 
from) experiments upon fishes at the Marine Biological Laboratory, 
Woods Holl, Mass., during recent summers. The form chiefly used 
was the common smooth dog-fish (Galeus canis, Mitchill) of ou 
Atlantic coast. 

Some of the results have already been published, but must. be 
mentioned bricfly in this connection for the sake of rendering thi 


subsequent work more easily understood. No attempt will be made 


1 


to discuss the experiments of others upon higher animals, as this for 


my present purposes would be quite superfluous. The work is not 
vet completed 
We will consider the functions of the various sense-organ 


] 
OrTrac! 


I. THE EAR. 


A. The criste acustice. [The experiments here have been cleat 
cut, and the results have appeared with a mathematical exactness 
rarely realized in physiological investigation. 

One general function is here present, namely, the appreciation of 
rotary movements of the body, 7. ¢., movements in) curved lines 
Hence, the semicircular canals with their sense-organs are organs of 
equilibration, 

The methods of arriving at this conclusion were three: turning the 
normal fish in the planes of the canals and other planes; stimulating 
separately and in combination the various ampullar branches of the 
acoustic nerve, which in the fish are separate and very easily reached ; 
and cutting these ampullar branches. The index to the state of thi 
animal's sense of equilibrium was found in the compensating move 
ments of the eves and the fins. The results obtained by thes 


three methods are entirely harmonious. Thus, turning the normal 


animal in a definite plane, citl t 

tween two cana Ca th 

ind constant m ment 

movement and an attempt to r tor roeome it { 
ot he col yond ane b 

t 

crista tim ited art Clally 
ments of ind tins a | 
1 ficl ] ‘ + ¢ 
Operated | ba | sal ) 
position; and cond, that when a norn 

fied, he timulat cl rain ( t 
cn ( oborat 1 DV ¢ ttin th ) ) 
question, and then turning the animal in th 

has not been done for tr. and it 
in such case th thers 1 m un t 


has been performed for a functional pair of crista 


absence of the normal compensating movement t 

canals in question The harmony of the 1 { 

methods strikin 

lea h canal \ th if en Ol in has aq 1 na 1) 
function: the forme the app it t 
n the plane of the canal and t irc it ZZ 1 
is the appreciation of similar movement th n ) 
Oppo te direction | ich canal ha i funct I ) 

lvin ippronximately in the same plan dt | { 
one being the subordinate function of th t 
opposites are the right anterior and th ft post 
ind the right posterior, and the right anc ft | 1 \ 
simple movement of the body in the plane of a canal puts t 
nto most complete action 1m nent ina 
regarded (from the standpoint of the cana n 
ment, and may be resolved into simple move » the | 
two or more canals Such compound movement t] 
the two or more canals acting as a double organ (4 tio ) 
or triple organ, which lkew es its pi 

functions. The action of a functional pair, or double « 
plified in the appreciation of diving movements by t t 
canals, and in the appreciation of the mx ment of ort 
in the water by the two posterior canal 
For a fuller discussion of the t 
to m irti alreac | lishes ( ( 


> 

| 
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3. The macule acustice Here not so much work has been done, 


and the results are not as sharp-cut as in the case of the cristae. 


Artificial stimulation of the maculw has been tried in a large number 

of cases, but does not appear to give consistent results. Cutting the 

macular nerves or, perhaps better, removing the otoliths that alway 


cover the macuke, makes a decided general change in the conduct of 


the animal, which to one familiar with the movements of fishes seems 


to indicate unmistakably the lack of certain sensory functions. — It 
hould be premised that, in the form studied chiefly, the utricular and 
iccular macula are very closely contiguous, and the macula of the 
lavena is simply a small continuation of that of the saccule; hen 
far, it has been impossible to separate the three functionally, and it 
is very questionable whether the division of labor here ts as sharp-cut 
th the crista 
Pwo functions seem to be present, both of which are equilibratin 
the appreciation of translatory or progressive movements, or Move- i 
ments in straight lines, and the appreciation of the position of tl 
IN Space 
I. sl fp ration of progresstve movements.’ A normal fish has a 
delicat nse of the distance involved in swimming in a straight lin 
Phi hown by the remarkable skill with which he avoids obstacles ; 
in swimming around his aquarium constantly, he strikes his nos 
directly against the side of the tank comparatively rarely. This ts 
not so with a fish deprived cf all his otoliths o1 th all his mac 
ner\ evered. Such a f ecems to have litth ea of the extent 
of a forward swim Le often restless and frequently alters th 


direction of his progression. In moving along close to the side of 
a large oblong tank he often swims at his usual rate and w 
usual freedom, and appears fairly normal; but, upon reaching th 
end, it frequently happens that he does not turn, like the normal 
fish, gracefully to one side and thus avoid the end-wall. On the 
contrary, he often bumps directly into it. When excited by a sti 


yout in different directions, irregularly and with awkward 


Physiol., 1892, vi. p. 508. A study of the sense of equilibrium fishes. Part I 
Journal of physiology, 1893, xv, p. 31! ind Part I], 1894. xvii. p. 192 

\ full account of my observations upon this function and upon the subject of 
hearing in Fishes has not been published. Mv observations were communicates 
to J \ t ] siological Society, 1 4 I) 2 i brief abstract of that 
Paper was printed in * Science.” 1895, Feb. 1, N.S. i, p. ri, and a still briefer 
one int ( tralblatt fur Physiologie, 1895, April 6, ix 17 


he carts 
| 
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functions of the kar and Lateral Line t 


uncertain, and ill-regulated movements, often 
the wate Moreover, after wimmin t 

ments are awkward and he fin 
eetting back into open water If h 
may return it one t mic } 
attempts at ext itin him { It ‘ vy f 
that the ev it of cha fish must in 
fault \s a matter of fact, h ( fish deprive 
but in other respects norma oes not , t ! 
When lett to himself, the blinded tish Isl 
movin racefully, easi!y, and without timidity, an 


about with reat rap lity, but mast ot n 
first few hours of his’ blindne he bumps th of 
eressive swimming, but soon he la 
by his sense of touch, learns t { ont 
stacles He then touches the wa tly 
easily, and only when disturbed bumps as at first 
he swims into a corner, he extricat himself 
with certainty Phe compensating movement 
are entirely normal 

It is thus seen that the fish deprived of retinal 
fish deprived of macular sensation ict aiff 
clusion that in the latter animal the appr ition of 
ments is dulled or largely climinated seem t 
the phenomena 

We thus find experimental proof and t first 


in animals lower than man, if | am not m 
in the otolithic parts of the car of a power to ay 


movements Phat such a function m 


cated by Breuer? who gave reasons for the proba 


perception of rectilinear movements is sharp 
than we find it in observations on ours 
2. Appr 


has a delicate sense of his position in space, of upn 


is demonstrated by the difficulty exp: need i 
the sclere coats with their ilar attac ts we 

BREUER, | Uel ( | r Of nA 
l., xl 105 


ing | in uninjured fish When disturbed bv being 1 

it Th 
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n any other position than that with the back upwari 


downward. He not only resists with all his powers bcing turned 
over (this movement is appreciated by the semicircular canals), but 
with equal energy he resists being compelled to remain out of his 
customary position; and, when put out of the latter and then left to 


himself, he at once assumes his normal attitude. 


It is not so with a fish from which the otoliths have been removed, 


or in which the macular nerves have been cut. If either of these 


operations be done upon one side only, the eyes and fins are placed 


in abnormal positions; in reclining, the operated side is usually 


itly downward; normal swimming is possible, but here usually 


the operated side is depressed; when disturbed, the fish usually darts 
off with that side downward; and in coming to rest he often loses his 
balance and sinks down flat upon that side, never upon the other. 


If the operation be performed on both sides, the fish seems to have 


D 


largely lost his sense of upness and downness. While preferring 


usually the normal attitude, it is not difficult to make him) remain 
lving on his back or side; and not rarely he is found in such abnor- 
mal positions, having assumed them himself. He swims at times 
upon his side, and occasionally upon his back. He scems not to 
appreciate at all clearly his position in space 

I have found no reason to disbelieve that the same otolithic parts 
of the ear appreciate both progressive movements and position in 
space, Which is not in accordance with the doctrine of specific energy 
in its extreme form. The view of Breuer? however, seems wholly 
reasonable, namely, that changes in the pressure of the otoliths are 
appreciated as changes of position in space when they are accom- 
vanied by sensations (ampullar) of rotary movements, and as_pro- 


gressive movements when not so accompanied 


It is evident that there 1s a close functional connection, through the 


central nervous system, between the sensory organs of the ear, the 


] 


cristee and macula, and the locomotor organs of the body. A refl 


ue with the evident function of equilibration is thus established. Thi 


dea that the cristae and macule are sensory organs of this function 


does not preclude acceptance of the well-established fact that other 


For a fuller discussion of this statical function of the macula, the reader 


referred to the author's articles in the Centralblatt fur Physiologie, 1892, vi, p. 50, 


and the Journal of physiology, 1893, xv, p. 311. 
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most evident in the mac 
Mass upon the delicat n 
Varies in intensity th th 
the force of the pre ( 
In the crista:, th n t 


I 
kritische 
the o sre regal 
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trom the tacts obt ed } ’ 
ose facts, and t t was t 


lot 
complete, 


prophecies resulting from 
of my results, I have often felt 
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C. The question of hearing. — We thus appear to have found a func- 
tion for all of the sensory organs of the ear of the fish. But the qu 


tion naturally arises —- does not the fish possess audition? In higher 


vertebrates, of course, this is present, and we can add to the above 
scheme: 


q 4 Vibratory motions, mediated by pa 


pilla acustica basilaris 


This exhausts all possible cases of mechanical (7. ¢. visible) motions 
¢ 


in matter. It is interesting that the ear is the sense-organ that appre 


ciates all kinds of visible motion. 


Wherever among vertebrates undoubted audition exists, there is 


present an additional group of sensory end-organs, the papilla acus- 


tica basilaris. This does not exist in Fishes, but appears first in t 
Amphibia as an offshoot from the lagena, and in higher vertebrates 


constitutes the nervous portion of the organ of Corti of the cochlea. 


actually observed under the circumstances of the many and widely varied experi- 


nts. 
Cyon further seems to regard the integrity of the sense of sight as necessary 
to the performance of the compensating movements of the eves, and makes the 


astonishing statement that “. .. der Dogfish (Galea canis) tagesblind ist, wie 
Beer unzweitelhaft bewiesen hat.’? On the contrary, Beer (Die Accommodation 
aes F isc hauges. Arch. I. d. res. Physiol., IS94. Iviil, p- 577) has neither st ited 
nor attempted to prove such a thing. He says: * Wir haben einigen Grund 


he wegen der re 


unehmen, dass die Pupill » der in Freiheit lebenden Fis« 
Dunkelheit grésserer Tiefen noch etwas weiter sein wird, als bei den Thieren 


in den gewOhnlichen Versuchsbassins, die in einer fiir sie vielleicht blendenden 


Helle leben. Bei vielen Haifischen und Rochen tritt sogar in den dunkleren 
grossen Aquarien der Station tagsuber eine so starke Miosis ein, dass die Pupille 
die Nachts, resp. im Dunkeln sehr weit ist und dann auch hier den Linsenrand 
sehen lasst fast gar nicht sichtbar, sondern . . . verschlossen wird; die Thiere 
benehn sich auch wie blind,” etc. Asa matter of fact. under the circumst es 
f my experiments, the pupils of Galeus canis varied greatly in size. from being 
le open to being partially closed. But I do not now recall a single instance 


of their being wholly closed, nor have I ever seen an uninjured individual of this 


species behaving during the daytime like a blind fish. In an experience of three 
summers this species has not exhibited himself as “blind in daylight.” This 


above, the eveballs 


question is, however, of minor importance, since, as state 
from which the contents. including the retinas. are removed, perform the normal 
compensating movements. Cyon appears not to comprehend the fact accented 


above, namely. that the movements of the eves are retlex movements, the afferent 


stimulus to which comes from the crista ac ustica This does not precluds the 
further undoubted fact that under normal circumstances the movements are accom- 
yal by sensations of sight. 


| 
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purpose of the power of emittin ound \ j 
munication with other individuals of its own sp S 
primary purpose Of a sense of hea 1) 1 t 
information regarding the presence of other individuals ot 
species, In cach case the employment of tl function f 
purpose d be econdar\ ft tl b ] 

the two powers of emittin oun of t 
developed in the same individua ! lon 

pa pass A sur of the ) 

to be the cas Further, it is difficult to con upon 

the object or usefulness of the po n by | of t 


penetrate only the most superficial layers of the water, and aq 


animals, with Comparative ly few exceptions, are dumb \ 
shores some outside sounds might penetrate t t 

but such would form only a very slight exception to tl 1 | 


that in nature water, unlike air, is devoid of s 


jut experimentation can best answer the « 


In the summer of 1894 I tested a number of sp is to tl 


power of hearin employing ordin ( is f 

VOICE Clapp nana wna ( 
under water.) I obtained no evidence what t tence of 
sense of hearin as the term ( tom en 
learned that fishes are exceedin nsit t 


as the jarring of their tank or concu ns upon it oe 
ibrations as human beings recognize thr h other nsory 1 


isms than the ear as distinct mechanica ration he accon 


ment of such apparently gro vibration t] ( 
condition upon which the fishes in my experiments reacted t 
I have learned recently of Bateson milar expr t 
Gee footnote 122 
mar ( ol cal SOC I ) 


At first sight the presence of 1 n | 
sense of hearin but the absence of 1 t 
argues against it Che fact that fishes, wit mparat { 
tions, are dumb seems to n trot nce a t t 
by them of a sen of audition It m that t 
to hear in the sense in which t t 
depths of the sea are ent, th nds of t \ | 
to th 
of audition in Fishe 
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interpreted in much the same way. In 1895 Kreidl! published the 
results of a considerable series of experiments carefully conducted 
upon goldfish. He used as sources of sound in the air various 
whistles, electric and other bells, clapping of the hands, and the firin 

of a revolver, and in the water vibrating rods; and he studied their 
effects upon normal fishes, those whose excitability was greatly in- 
creased by strychnine, and those that had been deprived of their cars 
Neither normal nor strychnized fishes showed any reaction whatever 
to musical sounds of any pitch or intensity, produced in the air or 
water. Concussions, such as striking the walls of the aquarium in the 
case of normal animals, or clapping the hands or firing a revolver in 
the case of strychnized animals, produced marked reactions, espe 
cially in the latter; but such reactions were equally well-marked after 
both cars were removed, and still remained after the removal of the 


whole cerebrum and a portion of the mid-brain. His experiments 


leave no doubt of the correctness of his conclusions, which were: 
“(1) Phat hearing through the ‘auditory organ’ cannot be demon 


strated in the goldfish; (2) nevertheless, they react to sound waves, 
which they perceive through a specially developed skin-sense.”’ 


In a subsequent paper Kreidl? explodes the oft-repeated tale of 


hearing by fishes that come for their food at the sound of a bell, 


dD 


by investigating carefully the actions of trout at the famous old 


Benedictine monastery in Krems, Austria. He proved that the fishes 
come because they see the man who brings the food, and appreciat 
the vibrations of the water caused by his step and communicated 
through the stone basin; and that, when these are excluded, thi 
sounds of the bell have no effect 

Phe conclusion seems justified beyond doubt that fishes do not 
possess the power .of hearing, in the sense in which the term is 
ordinarily used 

We must believe that in vertebrates this sense was evolved along 
vith a change of the mode of life from a water to a land existence, 


ind was contemporaneous with the appearance of a papilla acustica 
basilaris. 
It appears plain that the sole function of the car in Fishes is 


equilibration. 


KrEIDL, A.: Ueber die Schallperception det Fische. Arch. f.d. ges. Physiol... 
1895, Ixi, p. 45 

KREIDL, A.: Ein weiterer Versuch uber das angebliche Héren eines Glock 
enzeichens durch die Fische. Arch. f. d. ges. Physiol., 1896, Ixiii, p. 581 
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The mechanism by which Fish app t 


vibrations and which Kreidl proved not to 1 


mor nderstood in them than it rot } 

beings Phis powet vide-sp1 
tebrates in which ther in absen ft { 
earthworms, and it is astonishinely developed in 

My friend, Professor Hallock, t me that HH 
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the absence of the sense of hearing, yet the vibrations a 
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During the summers of 1892, 1893, and 1894, T car 
ferent times experiments of various kinds upon the lat 
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mateus triacanthus, Peck), and obtained certain 
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branches, and, moreover, have stimulated the central end of thi 
lateral branch In the toad-fish, where the organs are normally 
exposed and not enclosed in canals, I have destroyed by thermo 
cautery all of the organs upon one and upon both sides of the body 
In general, it may be stated that the results indicate that the organs 
if the lateral line have a sensory function, closely connected with the 
motor organs and analogous to the functions of the car, and hence 
may be regarded as organs of equilibrium. 

Simple cutting of the lateral nerve on one side or even both sides, 
cutting of all the nerves supplying the lateral-line organs of both head 
and body, or destruction of all the organs themselves, does not seem 
to interfere much, if any, with the animal's equilibrium. I have 
observed at times an abnormally slow return to the normal position 


after an animal so operated upon has been turned upon his back, but 


whether this was due to dulling of a sense of equilibrium or to gen- 
eral weakness, | am unable to say. All these experiments were per- 
formed more than five years ago, however, and before experience had 
taught me to observe and interpret interferences with equilibrium, 
hence I would not now be willing to make a categorical statement 
regarding the effects of operations of this kind. The animals so 
operated upon are always much less active than before; they swim 
little, lie quiet, and rarely survive more than a day or two at most. 
An extension of such operations has given more decided results. 
It occurred to me that a reduction of the motor mechanism employed 
in maintaining equilibrium might be an indirect aid in demonstrating 
a possible equilibrium function in the lateral-line organs. In the toad 
fish, which spends much of its time lying upon the bottom of the sea, 
especially in holes under stones, the pectoral fins are enormously 
developed and seem to act as mechanical supports. Removal of 
these fins does not, however, of itself cause marked inconvenience in 
the maintenance of statical equilibrium or the performance of move- 


ments; the subsequent removal of the two smaller ventral fins is 


followed by no apparent genuine lack of the power to appreciate 


equilibrium and only a comparatively slight handicapping of the 
power of movement. It is remarkable how closely the actions of 
a fish deprived of these four fins resemble those of a normal fish; 
we is lively, vicious, quick in responding to mechanical stimuli, and 
certain in his movements; he guides himself accurately, turns about 
suddenly, and moves forward without lateral swaying of his body. 


But removal of the four fins combined with destruction of all the 
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mal fish, carefully avoiding the lateral line, and then removing the 
four fins. Such an animal does not behave ditterently from one lack- 
ing the tins and not otherwise injured; he is active and certain in his 
movements, shows no lack of equilibrium, and in general closely 
resembles a normal fish. 

But perhaps more significant than the above experiments on elim 
ination is the result of stimulating the central end of the lateral nerve. 
In the dog-fish I have cut the nerve upon one side and stimulated 
it by an induced current just behind the head, thus including the 
nervous supply of all the organs of that side of the trunk. The result 
is perfectly coordinated, definite movements of the fins of both sides 
of the body. These fin-movements are the same as those called out 
by stimulating centrally the cut acoustic of the opposite side, and thi 
same as those resulting from section of the acoustic of the same sid 
Thus, stimulating the left lateral nerve centrally caused: the two 


dorsal fins to move to the right; the caudal tin to move to the right; 


the left pectoral fin to move upward; the right pectoral fin to move 


downward: the two pt lvic fins to move like the COT sponding pe 


torals. This is exactly the result of stimulating the central stump of 


the right acoustic,'! and also the exact result of cutting the left acous 


tic. In the case of the acoustic I have shown that the result of 


stimulation is only what would be expected from a simultaneous and 

equal stimulation of the three ampullar branches of the acoustic. 

Since these branches are plainly equilibrative in function, it would 

scem to suggest strongly that the lateral nerve is also equilibrative. 
t 


Occasionally, movements of the fins in directions opposite to those 


persistent, and, thus far, | have not attempted to determine the con- 
ditions of their appearance. In this connection it may be recalled 
that moderate or strong stimulation of the ampull of the semicircu 
lar canals causes movements of the eyes in a certain direction (princi 
pal function), and slight stimulation causes movements in exactly the 
opposite direction (subordinate function).! Movements of the trunk 
also result from stimulation of the lateral nerve, but thus far I have 
not endeavored to analyze them. 

This is the extent of the experimenting that I have performed 


upon the lateral line, but, so far as it goes, it seems very suggestive. 


It would be interesting to test the lateral nerve at different parts of 


its course, and observe whether movements of the fins of different 
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We must believe, moreover, that the impr of whatever kind that 


come to the central nervous system from the organs in question assist 


n enabling the animal to maintain the equilibrium of his body: in 
other words, the organs of the lateral line are equilibrating organs. 
' cy of the ear and t 
¢ that the two systems of organs ar 
functionally analogous, would seem to offer indirect support to the 
al deduction that the former organ is a derivative of th 
improbably, was the 
of movements 
body 
lely, of position in space; by 
functional connection with the locomotor mechan 


maintained. In some unknown 
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rom that dealing with progressive movements and position 
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functions. Thi well-marked sensory organ for equilibrium was 
evolved in fishes. When aquatic animats began 
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basilaris; apparatus for conveying the waves in th 


anous ear was developed; and thus the po 
ng the movements that we call sound was acquired 
lection this was still more refined and specialized, the range of 


lation was extended, and 


the result is the mammalian cochlea 
ereat functional powers. 

» me that this explains naturally and in a manner not 

mysterious association in one organ of two functions 


so widely separated as equilibration and audition. 
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